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DITRODUCTION 


In this voOima, lecturos to the workora of the Uboratory of MatheEatical Ka- 
chinea of the Czechoalovnkian Acadeny of Sciencea heW at the Working Conference In 
Dos* hy science vorker J.E.Purkyne in December 1952 are pubUahed. The next volume 
win contain woiks in the field of coaputera for processing data submitted by the 
above-mentioned Laboratory. The acceptance of the works is the province of the 
Science Council of the Laboratory for Mathematical Machines. 

The main purpose of the first volume is to acquaint a wide public with an out- 
line of the work carried on at the Uboratory for Hathematical Machines in the field 
of automatic computing. The text of the manual is the work of the staff of the Ul^ 
oratory. The results of the original works wore reviewed, and the most important 
items selected for publication. 

The formuUtion of the central automatic calculation, its codes, the method of 
construcUon of the compuUtion are the work of Antonin Svoboda. 

The adaptaUon of the codes in conformity with the constructive requirements 
of the machines and the extension of the codes necessary for time-saving are the 

. work of Vaclav Corny. 

The exaicplaa of the manual were prepared by: 

:: Jan Oblonsky (The computing of cos x), 01^ Pokoma (The Geometry of Problems 

’ in Optics), Zdenek Pdcomy (The Computing Problems in Optics), Jiri Raichl (The 

- Computing of Solutions of Differential Equations). 

“ The formulation of the multiplication perforations and their codes is the work 

of Antonin Svoboda. 

The investigation and execution of the nailtiplication perforations are the 

‘-'I woric of the Aritma Reoearch Instituto. 

-The methods of solving the problems described in the second part of the manual 

S '- and the applied symbols (Operating Tables) are the tfoik of Jindrich Mark. 
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® '■ Tho- staff of ths Laboratory for Mathematical Maohiaoa had to overcome many 
basic difficulties. Thanks are due to all \rho contributed their active support, 

■ -particulariy the Csechoslovakian Acades^r of Sciences, in vhose framewortc the Ubora- 
•' . toiy for Mathematical Machines has been successfully developed, and the Kathem-atical 
• InsUtute of the Chechoslovakian Acadety of Sciences, especially its Director, Acad- 
emician E.Cechovi, vho has lent his unselfish support to this developcent for a nuc. 
ber of years. Thanks are also due to the research voricers of Aritma for willing and 

devoted collaboration. 

Thanks are also due to the staff of the Laboratory for Mathematical Machines, 
and parUcularly to those me=d>ers whose collaboration faciUtated the preparation of 
‘ .. this Manual. Prof. Dr. Mniska carried out the critical scientific e«=lnation of 

: the manuscript. Special thanks are due to the Prague printers, shop 05, their Man- 
* ' agar K.Wickovi and especially their type setters, who composed oven the most diffi- 
■ ‘ . cult parts of tho text and tables unusually carefully and in the shortest time. 

Collective 1243 

Prague, 31 Docecber 1952 
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HITROIXKnJiaN TO MEniOD OF OPSIATIOH AT AUTWVTIC CALCUUTION 

CfiAPTEy. I 

AUTCKATIC CAIJCUL\TI03I 


1.1. Survey 

Calcul;ition^ logarithmic and other tables arc the oldest aids to rapid numeri- 
cal calculation. In later years computers were designed and developed for complete- 
ly aut«aatic calculation. 

The eoploynont of coaputors is today so widespread that everybody has at least 
a clear idea of their use. 

A computer has a keyboard for the digits and various operation keys for the 
solution of operations with digits. When operating the calculating rachlne, the 
operator roads from the forcsola the numbers on which he has to operate, sets them 
in the tsachine, carries out the necessary operation, reads off the results, and 
inserts it into the formula. The transfer of the numbers from the fonsula to the 
- machine and of the result from the machine to the formula is not as difficult and 
tedious a job as the execution of arithmetical operations with pencil on paper. 

The computor carrying out such arithmetical operations rapidly is desirable not only 
because it accelerates the work but also because it facilitates and improves it by 
excluding calculating errors. 

An automatic computer is a machine which carries out automatically a large num- 
ber of arithmetical operations, automatically manipwlates the numbers on which it 
operates, and automatically adjusts itself to the operating procedure. 

It is incorrect to describe the coigjuter without the last of the menticned 
' characteristics. According to this incorrect description, the automatic canputer 
" ^ is based on the siiqplo mechanization of the vforking procedure of the calculator 
'i uaing the 'calculating oaehine. Such on automatic calculation vfould mean onljr the 
' ~ . acceleration ot numerical calculation carried out the nsathenatloian in tho usual 
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' vay* Tho working procodura would bo plonnad according to tho old ttothoda of nunor- 
ical calculaticn, and tho solution of tho problom with tho automatic calculator 
” would consist only in tho calculation of terms in advance of their fixed positlono 
„ in a planned and knovm sequence. 

Tho first ’’automatic calculators” were tha result of constructions according 
to this naive description. This was a typo of calculating machine, consisting of a 
combination of machines with which the operator calculated fonculas mechanically. 

The gadget which controlled the sequence of manifxilatieaas and operations with the 
numbers rosocibled a telegraph transmitter. A group of openings in perforated paper 
tape was scanned and tho place of transmission of tho imprint carried the canlpula- 
tiwi and operation with tho numbers inside the calculator. 

Tho modem automatic coapxttr does not proceed slavishly according to a pre- 
liminarily-prepared sequence of manipulating and operating cocuands, which are call- 
ed the instructions. Tho automatic calculator described in the first part of this 
selects while calc’ilatlng tho instructions in dependence on tho results of 
tho operations and usually creates regularly now instructions when old planned in- 
structions are absent. The plan according to which tho selection of instructions 
is carried out and the creation of new instructions is called the instruction net- 
- work. Vfe shall see that such a plan differs substantially from the instruction 
sequence of tho instruction-machine part with scanning of tho telewriter tape. 

_ develojmmt of the numerical method of calculating has been gi'uatly in- 

fluenced by eveiy advance in the art of calculating moans. hTien, however, tho in- 
• fluonffo of logarithmic tables and calculating machines is compared with the influ- 
ence of automatic calculators, it is soon that tho change in tho method of numer- 
ical calciilation was a revolution. Specifically, with tho classical method it was 
sought to decrease tho number of numerical operations or to simplify then (e.g. , 
replacing multiplication by addition). Tho extremely large number of operations 
./' made this expedient impracticable. Tho modem method of automatic calculation 
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. ; disrogarda the nuiibor of oporationa, ao tliat it can ntlllsc the c£leula«,lng acthoda 
which wa iB^jracticablo fron the viewpoint of the claaaical mothod. (For oxnnplo, 
the functional value of a trigoaonotric function la found in the claaaical nethod 
-■ with the help of a Table, while with autoisatic calculation any auch value ia eaally 
. and advantageoualy calculated aa the aum of the Eosbera of the correaponding poiy- 
nominal). In automatic calculatiwi, a large nucber of operationa la not diaadvan- 
tagoou^ becauso its operating speed is considerable. 

The application of autocsatic computing to the aclution of technical and re- 
search problena haa, however, one fundamental trait \<hich should be stressed: every 
solution of a problem with automatic calculation represents a complex jaathcaatlcal 
exporinent carried out according to arbitrarily-established conditions. Fy varying 
these conditions and comparing the variation in the results it is often possible to 
find the answers to other accompanying disagroemonts. The employment of automatic 
calculation, of course, brings to light purely theoretical questions, vdiich in many 
cases serve as the starting point for new research in other fields of mathematics. 

IHTRODUCTICSl TO TliE KETKOD OF OPHIATIO’I 




1,2* Calciilation by Forculas 

In fonailating a Korkliig procedure for autooatic computing, the start is niado 
with the classical calculating method by formulas. The worfdag procedure begins 
with the selection of a suitable numerical mothod, the notation of the mathematical 
expressions, the analysis and planning of the operations, the selection of the 
starting values, and the preparation of the forcsilas. If the starting values are 
arranged according to a single index (in sequence), the calculating is carried out 
--.with the help of the single fonniln in the fora of separate Tables. At a large num- 
^ - her of independent variables (largo number of indexes) a bound volume of Tables or 
a whole said.es of such volumes is prepared. 


The foroula with the plan of operations constitutes a model of the selected 
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. : calculating jaethod. An oxaaplo of a claaalcol fonnula is ahown in Flg.l.l, The 
laat coluEBi, the values of are calculated in sucoaaelon with the help of tho 
fomila fmi tho values of s given in tho first columi according to tho exprossioas 
given in the headings of the colmcas. Those constitute the instruction series. 

TJjo operation procedure when working by formla begins by taking one, two or 
ffiore of the values -written in tho foraula, proceeding with the operation in accord- 
ance with the expressions in tho headings of the colwsns, and finally noting tho 
results in the corresponding places of the formla. Tho colums are filled with 
various values of tho same va.-iable3, while tho lines contain the values of various 
variables which are operationally dependent on each other. 

The operations in woridng by fortailaa are usually carried oat with tho calcu- 
lating nachlne or with tho help of Tables. The formla is usually arranged in 
colucns because tho arrongCBoat in line has great disadvantage when using the cal- 
culating cachine and Tables. CSi the basis of the colunns already filled, the un- 
filled colums are filled. At the filling of the sane colum the operation retains 
unchanged for all of its places, tho coaputor rerains set for the sajae typo of oper- 
ation, tho values vary regularly, the setting of the values in the rnchine and their 
registration are regular. Thus it is little fatiguing, easily supervised, and there- 
fore reliable. 

Tho woridjig procedure ouch as filling a formla b 7 coluims is suitable for 
devices operating with perforated plates. It is unsuited as tho basis for the plan 
of operational sequence in autoisatic calculation, because it mkes impossibly high 
demands on tho nemorizing capacity of the machine. 




1*3 • Instructions 


In calculating by formula, the instructions constitute the dir</ctions for fill- 
ing further places in tho formula. The instructions, therefore, contain the follow- 
* ^ • lag inf ormtion : 

- ^ whence 2 froo which place of the foraula to take tho nunber to be operated on- 
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direction: how to operate on the taken nudbor; 

where: into which place of tho fonaila to insert the result. 

For tho working procedure by fonaula shown in Fig. 1.1 a socjuenco of operations 
of this typo can be prescribed. Tho nucbor of terns of such a sequence will be 
equal to tho number of operations nocossary for f ill i n g tho formula (counting one 
operation for each place). selecting sixitable symbols tho instructions for the 
formula can bo prepared. While such instructions ai'O never prepared in practice, 
it seems desirable for the present purpose to explain the working procedure at auto- 
matic calculation. 


1.4. Instruction Symbols 

The address is the number which clearly expresses tho place of the foraila. 

Tho address determines tho place from which the number to be operated on is taken, 
and the place whore the result of tho operation is noted. Tho address also denotes 
the place into which tho instruction is written. If it is not expressly desired to 
state the content of a place, i.e., whether by number or instruction, the expression 
^ord” is used for tho content of the place. 

The number assigned to tho address a is denoted by the symbol <a>. 

Tho instruction assigned to the address b is denoted by the symbol <b>. 

Tho equation x - <a> moans either of the follovdng two expressions: ”x » the 
number assigned to the address or ”the number assigned to the address A “ xf’. 

No developing character is attributed to the equation. Tho equation is sixiply 
a verifying equality. 

Operations: An operation here is every fully defined iforking procedure by 
which a new item of information is obtained from a previous item of information. 
Arithmetical operations are denoted by the usual symbols. If it is desired to 
express tho value to bo operated by a given address the simple syribol < > is used 
as defined in the preceding paragraph. 
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; Thus, for examplo: 

' ^ <a> * <b> ... 

a and b« 

* ■ ... denotos the sine of the argvnneat aaslgned to address p; 

1> . n ... donotes the addition of the nMnber n to the nunber as- 

signed to the address m; 

^ ^ ^ ... denotes the addition of m to n; 

<2> X <3> ... 

drosses 2 and 3« 

Develcpnent: The result of the tenporal developnent of the vorki-ng procedure 

is denoted by the dovelopsont-sign , at which: 

... denotes the nxusber x substituting the number assig.:ed to 

X ->■ <a> 

address a; 

<a> - <b> ... denotes the number assigned to address "a” substituting 

the nutiber assigned to address ”b*»; 

^ y ... denotes the number assigned to address "O* substituting 

the nxicber y; 

^ _ y ... denotes the number x substituting the number y. 

<a> ♦ <b> - <c> ... denotes the addition of the numbers assigned to ad- 
dresses a, b, substituting the number assigned to 
address c; 


sin <p> 
<ia> + n 


<2> X <3'> 


x-^ >:a> 


<a> ^ <b> 


X - y 

<a> <b> 


„ , 2 - n ... denotes the addition n ♦ 2 substituting the number n; 

to the (same) number assigned to address -a-' substi- 
’• • tuting for the number assigned to address "a". 

The last expression illustrates the intei^ediary character of the working pro- 
eedure: On the address "a™ the nusD^or <a> is taken twice. The addition of <a> . 

- 2<.>. m. r.»i‘ 1" "*”• ““ 
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• ! instruction, it is obvious that the nursbor on address "a" will be twice what it was 
before. The developsent sign tsast never be substituted by the equal sign. 

The symbols connected by the development sign constitute the operation symbol. 

To the loft of the dovolopciont sign of this symbol ia the operation proscribed 
by the operation sign, whose execution gives the resuJ.tant information. The devel- 
opaent sign symbolises the working procedure, in which the originally filled right 
side of the operation symbol with the dovelopEont change in the resultant inform- 
tion is defined bj the loft side. 

The unfilled instrucUcm symbols Just defined are sufficient for specifying the 
woridng procedure for filling the foraOa of Fig.1.1. This specification is briefly 
set forth in Fig. 1.2 in the form of the sequence of operation s^ols. Such con- 
crete calculating instructions do not have mch practical value for a calculation by 
.Lormlasi and its nechanisation leads to the conception of automatic calculation of 
an obsolescent type. 

A cursory glance at Fig. 1.2 shows that some of the operation symbols have a 
cr^zaon fona, although the contents differ. The necessity may arise of carrying out 
an operation for changing the content of an instruction. It may also socetines be 
desirable to repeat a same instruction two or core times. All that is necessaiy for 
doing this is to select between the instructions as required during their execution. 

IT after the end of an operation this latter is continued according to an in- 
struction selected from a number of possibilities, the possibility is obtained of 
ramifying the worfclng procedure in dependence on the result of the final operation. 

If one of the branches which has been formed in tliio way is introduced into an in- 
struction which has already been carried out, an iteration process is obtained. 

- For facilitating the description of the iteration process, the instruction symbols 
-.are supplemented by the instruction symbols of several data. 

* ‘ Complete J^structlons . The symbols presented above contain the following in- 

- formation: from where to take the number to be operated on, how to carry cut the 
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,J oporal^lon^ whoi*o to assign tho rssnlt* Tho spoci^fication is supplciaiiiitod witht 
^ Ths address to which the instruction is assigned so that it con be continued 
‘i if the result of the o 7 >eration is negative. 

The address to widch the instruction is assigned so that it can be continued 

I -- ,20) 

I ’ -* dn 


0<Jo>/io _ I ^ 20 } 

50® - 0 . n I® . <20> -- <40) 
50® ~ 6, in® .<2l> -> <4l> 


150® - a . in® . <3o> ^oo> 
sin <40> .60) 


<180>» 4- <200>» 
<!S1>* <201>» 


< 220 > 

; 221 ; 


;ino>* -f <2io>* — < 2 no> 

Fig. 1.2 - Instruction Sequence of Expressed Operation Syiabols 


if tho result of the operation is positive. 

Tho use of two addresses in each of tho instructions assumes that each of the 

_ Instructions has its own address^ at which the specification is revoked. Complete 
general instmiction s^nobols are assigned to a forssila according to whe following 
loodel: 

— ■ The first column contains the address to which the instruction is assigned, 

-'With the specified symbol on tho same line to the right. The socond column is the 
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! oporaUon ayebol. The third eolunn is the address to which tho instruction is as- 
algnod If it is to bo conttnuod In tho ovont that tho rooult of tho operation is 
not negative. Tho fourth colutsn roprooonta tho addroos to which tho instruction is 
assigned if it is to bo continued in tho ovont that tho reaxilt is negative. 


; AA 
All 
AC 


[ti\ + I • 
o' A ' 
O - • 'o 


Tig. 1*3 - Group of Coapleto Inotructiono in General Fom 

If tho addresses in two sucessivo colmms are equal to each other (as is the 
case with instruction! <AA> and I ..AC>, the operation is continued regardless of the 
sign for tho result obtained in tho operation, hith instruction I <AB>, instruc- 
tion I <AA> is repeated until the nunber on address "a" has increased at least to 

Then the operation is continued according 

to instruction ! <AC>. 

^ (^Q) The addresses of the instructions in 

the general instruction symbols are usual- 

\iO)- A/-* id) .. . . .. 

^ ly denoted by two capital let^^ers. 

Q The instruction network is completed 

by the logical Joining of the system of 

Fig.l.A - Development Diagram Correspond- 

instructions according to which the given 


Fig.l.A - Development Diagram Correspond- 


ing to Group of Instructions of Fig. 1.3 

problem can be solved. 

The workLig procedure is often represented in the fora of the deveiopaent dia- 
gram, in which the instructions are expressed by graphic operation symbols entered 
- in the fields. Tho fields are Joined by arrows Indicating the dovelopnent of the 
^ - worSdhg procedure and its rnnificaUon in dependence on tho sign of the result of 
'/•the operation. A simple example of such a diagram is shown in Fig.1.4. In compli- 
1 ■ cated cases it resembles a network with many branches, and is appropriately known 
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aa tho liistruetlon notwort. 

• The vorklJig procoduras apacifted i 

I 7 pin f-r Katvorij 


The praparation of tha tnatructlona ia 


pacifiad in FiC».l-3 and 1.4 nra concordant. 
in Kqtvorit 

>„..«..tlona ia carried out first purely by fonn.«3^. 


order not to have to include new terra 


, vldch icight dve riaa to difficulties. 


/nrtrui^'O'’ + “ 


.. ,0. W" 

1 n. ■ !V' 
« ,■> '</2 


' .V i.n 


.1 


H.OlM 4' 


; .V-r. 

1 


- - n 
1^. 1 
7 ' 

2r.,i:2 

c) 


7 

7 *■ 

2r«.t 

I Jr. . 1 - 


.1.1 

1, 


lit 


Ati 

a. • ' 

fi, - ^ 

A(' 

M' 

AC 

!' 0. 


. i 

An i 


, 


.u : 

r^i 

AU 

1 ' 


AK 

1 

, . a> 

. A/ - • J> 

. AF i 



Fig.1.5 - Inatruction Motwork for Root Extraction 

.) K.tb=»ti.a ("..'■.rti "1 

c) Stop, perforation 


ns rii'L a.uO t»lio 


relation 


root of 1.44 by the iterative proceaa, defined by the 


for n • 0.1, •••! X • 1, ^ l*^" 

Tb. c»Utl.b tor co„ti«l.e 

li _r.j-,a.-0,WI 
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Tho result la regarded as the final value of x„. 

Procedure at a Proposed Instruction network 

First select the address to which tho constant is assigned. Then fora in suc- 
cession the values expressing tho variables. First calculate q which furnishes the 
criterion for continuing \/ith iteration. If q is not smaller than e, calculate 
♦ 1» repeat tho calcuiLation of q, and according to its value continue with iv*er- 
ation, or terminate the iteration and enter tho result on the cord. A working spec- 
ification of a proposed instruction network is given in Fig. 1.5* 

Investigation of the working procedure given by this instruction network pre- 
pared by the forcaxla shows that a total of 6 fields (addresses) is sufficient. At 
actual calciOation, however, it is often necessary to specif; names in several 
fields. An example of tho changes in this formula is presented in Fig.1.6. xn the 
sixteen columns of this Table, the sequence of the develoFcent of the whole fonmla 
is shown according to the instructions denoted by the addresses in the headings. 


AUTOUTIC CALCUUnOK 


1.6. SiOTle Scheme 


Tho woricing procedure of automatic calculation is illustrated in the fora of a 
very simple acheno in Flg.1.7. The principal parts of the autocatic calculator 


are shown: 


the memory - representing tho fonraila; 
the control - representing the calculator; 

the operational units - representing tho Table and the computer; 
the ^trance — serving for feeding tho initial information; 
the exit - serving for reading off the result. 


1.7. Woridng Procedure 

' Before starting to calculate, the prepared batch of perforated cards containing 


,the initial numerical data and instructions is placed in the inlet. Tho automatic 
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Zr computer reads off the information on the cards end aosigns it to ito mei^ry* the ’ 
^^joacanoryi^ which represents the fonaula, stores the Initial data. After starting the 
Z! machine, the control selects from the memory the first Instruction, composed of the 

h 

operation sign and five addresses i, j, k, r, s. The control selects the numbers 

i i 

from the comory of addresses i, j, and sends then to the operation unit. Sirailta- 

o-i 

Z neously, the control acts on the operation unit in such a vay as to carry out the 

operation specified by the sign f. The ros\ilt of the operation is assigned by the 

I ■' 

control to the nenory of address k, whore the sign of this result is read off. 

\ *■ 

After sotting the read-off signi the control selects the next instiniction froa the 
nenory of address r (if the result is positive), or fron the nenory of address s 
_ (if the resxilt is negative). 

The automatic computer proceeds in this way from instruction to instruction, 

> » _ 

pursuing various paths in the instruction network, until it arrives at the instruc- 



. tion vliich gives the coaaand for stopping the machine. The result of the calcula- 

'j , 

tion is then already prepared in the nemo^ and recorded on the batch of perforated 
cards prepared in the exit. 

3 J* 

A detailed description of all of the operations which the automatic computer 

carries out is given in Chapter 2. It should be noted that the combined operations 

can be oxtendod for carrying out any instructions. Operations are not only the 

3 ^ - 

fundamental arithmetical operations with numbers, but also the working process by 

« ^ * 

— 'which the machine reforms or forms instructions or numbers. By such operations, 

j ■’ 

-- for example, the machine changes the instructions of any of five addresses i, j, k, 

i » 

- > r, s and the operation sign f. 


. ft < 
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CIIAPTSI 2 

CODES OF AUTCSUTIC CALCUUTOR 


vroRDs 






2*1, Words 

The automtic cosputer proceaaos Inromxtion accordlns to words, aooetines cre- 
ated, of invariable nasnitude. Each work is conposed of 32 binai^' nuiabers, which 
Just fills one place in the Esnoiy (denoted by one address). Of these 32 numbers, 

31 are carriers of specific infdnaation, while the roiaaining nuinber is fomed in 
dependence on all the other nunbers of the word in such a way that the s-x: of all 

32 mniers of the word is odd. The dependent rmnber is calLed "parity”. If it is 
denoted by a question nark and the other nunbers by dots, we get the picture of the 


The parity serves for vorifirliig the correctness of the transfer of the word to 
the nachine. 

By definition, the minber or instniction is the word. The specification by 
which the nuiber or Instruction is expressed by a word is called the code. 

CODES 0? ISUMBERS 

Our automatic cocputer enploys for the depiction of nunbers two different 

codes: Code B and Code D. If the nurber is given in the binary fom, it can be 

directly depicted by Code D, while if the nunber is given in the decadic foro it 
can be directly depicted by Code D. 

2.2. Code B 

The automatic cooputer works with the binary number H given on ZU valid binary 
numbers. The highest valid digit of such a number may have various or-dera of 
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loagnitude dopondlng on tho pooltlon oi vlio binary doc 1ml point. It is very advan- 
tagoous to plaoo tho binary decimal point in ouch a »fay that it atondo clone to the 
left ahead of tho highest valid digit of tho given number, and so that a now number 
is forced whooo product of multiplication by the corresponding power of 2 in equal to 
the original number. 


For example, tho number 


IIIIOCOOII1I,OCOOIIIIIIII 


Is in tlds way transformed to tho product of 

,IIIIOOCCIIIIOCOOIIIIIIII . 2^. 

The number forced by this transformation is called the ’’binary nucerical pic- 
ture X" of the number K. The power of two is called tho ’’Ibcpor.ent P'. The absolute 
value of the given number H is then expressed by tho double number X, ?, at which 
there is valid 


and at the same time 


2"^< X <2^ 


Tho symbol of the number H is depicted by the binary digit 2. At positive !i 
Z » 0, at negative K Z - I# 

The absolute value of the exponent is expressed by a five-place binary nunber, 
the symbol of tho exponent is expressed by the binary digit z according to the same 
specification as with the symbol of tho number H, 

The word depicting the number H according to Code B is formed according to the 

example 


- • 


SSK’itesSC'tU • 


parity 


binary numerical 
picture of X 


symbol absolute symbol for 

, value ^ number IJ 

exponent 


, Before the particular word depicting zero is Introduced, the latter cannot be 
esqpressed at all because tho first digit Of a nonzero binary numerical picture is 



STAT 


Declassified in Part - Sanitized Copy Approved for Release 2012/11/20 : CIA-RDP81-01043R001400Q20002-8 







V ’or-*^ -'•h' 

r*4^ >'f ■*«^'0I »->''■ >,»>,»>. *■ ■“■ 

1 

5:\‘:-'^rij*‘^"’ " 1 






m 

>n t 


if! 

ItL i 


i 




I V f #« vmrd ac cordinr^ to t»ho cxonplo 

alwol. zero i» «xpro»8od by n vord nc-oi-^. 

I ^oooooooooooooooawcmxx) o ooooo 


Thia «aaple ia co«on to both codoa D and D . 


.al.-a..o. „=o«. -UV... docaa. « -l.h » 

...dd. dddd... « cod, B. .B. Pd..-- - pUCdd i. »dB . W ^ 

,^da . t„. x.n -a . ». n... »»a dddd., »a „ 

mltlpUod by the corrcaponding P<n.er of ten. The abaoL.te 

. .^VvdT.^ T nt which is valid: 

preaaod by the double nusbo. - a. wu. 

jUl - T • 10' 

and aizailtaneously 


10"^< T <10°* 


The aynbol of the nunber H ie ^preaaed by the digit Z, and the ^1 of the 
exponent Q is expreaaed by the digit . in exactly the sane way aa in 3^ 

Sdx d.»dic dldit. .r d d.»dl« d«».dcdl pidPuPd r dPd c=:prd»=d B. .« - 
place binary nunbera according to the nodel. 


whose highest digit is always zero. 



, BdBd^ n^ddiddl rdp^ddd-^^d" Id Bdddtd. -iBB BB. ddd™,d..idd dct 

.dB d W BB. d, BBd B>d« dd-P - — *" ^ ^ 

ddBii dldBB. 0, 1. B. 3. A. 3. 6, 7. Fdd .»^ld. BBd Bdddd. n-.rid=X ddpddd 

tion, 

,III 100 001 iH 000 011 III HI 
la denoted in the form of 

,74170377. 

to Odd. B, th. P Id did. .«tod td tB. <»to>.. 
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The vrtrd depictliiK the nwb-r H accerdlng to Code D hno the foix 


d,c.dio „«=b.r of T 

> ' 

exponent 

For exa=ple. tho nuaber - W,0769 ia expressed according to Code D by the v«,rd 
I , 0100 0101 0000 OIII Olio 1001 0 00010 I 

2.4. thmarlcal Ibrnre of Hachine 

The nuaerical range of the machine is dotensLied by Code B and not by Code D. 
Therefore the autonatic calculator calculates only vlth the nuabers depicted accord- 
ing to Code B. A nuaber fed to the nachine in Code D mst be transforxed to Code 3 
before it is used. Fron this it follows that the racflne is unable to process num- 
bers higher than the highest of all tho numbers expressed according to Code 3. 

The highest nunber depicted according to Coda B is 

2 U7 4S3 520 23^. 

This nuzber is depicted according to Code 3 by the word 

0 .iiiinniniiniiniiiii o iim o. 

The asillest nonzero, positive nunber dopictod according to Code B is 
0,000 000 000 232 831 ” 

Its depiction is 

0 ,100000000000000000000000 I mil O* 

still szallor nunbers are depicted by the isachine as zero. 

CODES OF mSTRUCTIOHS 


■- 

tpiiLv.-r". 

. 


' 2 . 5 , Codes of Instructions 

An instruction contains the directions for the operaUon and five addresses 
‘(see Sect.1.4). It is composed of two words, each of which contains, besides the 
•parity, three binary numbers A, B, C. The number A has 10 binary digits, the B has 

I STAT 
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0 ^ 


instruction according to which the machine will continue to calculate in 
the event of a negative result of the operation (<k> < 0); 
d^otes a twelve-place binary number composed of the two-place operation- 
al sign ^2 ^ ten-pl 4 \ce binary number given by the address i of the 

number <i> to be operated on. The digits of the operational sign f^ are 
given according to the operational code of the action of the entrance 
and exit units of the machine# It is designed in the form of 


!• Word 


2. Word 



Fig«2.1 — Arrangement of Information in Words Constituting the Instruction 


V 

■ 




2.6. Operational Codes 

The selecticm of the operation is carried out by the machine according to the 
operational signs f^^t f2* Here the binary digits of both oposrational signs are com- 
bined to one fourteen-place sign in the fora of 

IJraOJSmZKTGH 

regardless of the fact that the part GH is in another part of the instruction than 
the remaining part IJKlIBSarZKT. The combined sign is here core legible. Included 
\in the instructioij are only those elements of the operational sign f which corres- 
pond to places where the sign of unity is in the binary picture. For exac^jle, %£ 

i 

' the’ binary picture of the operational sign is 

I 

UKHDSnCIZKTGK - OOOOIOOOOOOICO , 

, . ' tho Instruction is abbrorlatod to 



STAT 


Declassified in Part - Sanitized Copy Approved for Release 2012/11/20 : CIA-RDP81 -01 043R001 400020002-8 









Tire oporitioml codo, according to ita operation, ia depicted by the bperation- 
"i al Bi‘^ J:. a sun^ey of all of the operational aigna ie prcaented in the Tablea of 
jFig8.2,2 - 2.5. In the firat column of the Tablea there are aynbola in gonoral fom, 
J in the -third column are the deUllod denotationa of both worda apecified by the pei- 
• tinont inatrucUona according to the instruction code. The double capital letters 
by Mhich the addreaaea are denoted are only included for convenience, and have no 
relation to tho operations. 

HUTUU. REIATIOKS BETKESJ OPEPATICS^AL SIQJS 

The meanings of tho operational signs are given in Figs. 2.2 - 2.5. It is, how- 
ever, necessary to discuss in detail tho operations and the mutual relations between 

tho operational signs. 


<i> 

+ </> — 

<k> 

<!> 

• <j> 


<i> 

t <rj> 

<fc> 

memory 

of addresses i. 

4- 


',2.7. Principal Oneiational Signs 

Sign: S ... Addition with correction 

K ... Multiplication with correction 
, • D ... Division with correction 

, , The machine starts here with <3>, <J> from the masory of addresses i, 1. The 

3. ~ 'Specification of the operation is carried out with respect to the sign. The result 
3 "'of the operation is romwied off to 2A valid binary digits. The corrected result 
V.Crepla'ces the memory of address k. The next instruction ia selected according to tho 
sign of the result. 

“ ’ Sign; T ... tranafoneation T1 O <!:> at j ■ 0 

T2 <i> <lf> at i - 0 

At 4 - 0, tho machine carries out the transformation of T1 to the number <i> . 

the address i of the number depicted according 


S >dto. Code D. Tho picture of tho same number is formed accord^g to B and the result 
SitWlaM? the content of. the memory of address k. The.machine requires that. the 


<;/.~ |expo neat Q ,of the number (l) bo equal .tq.zero. 

...22 
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, ... 




0miK: h '■ 

iBR'.r;' ■ 


°~T ■ ' At i - 0, the sachine cafrioa out the tranofonnation of Ta to theTiiuuher"^)." 
‘"I The machine starte with the ntemory of the addreee j of the number depicted according 
' “I to Code B. There ie formed the picture of the aame nvsnber according to Code D and 
*' ' the result replaces the memory of address k. Tho nacliine requires that' the number 
* ] (jj) bo corrocted in advance in such a Kiy that 0.1 ^ < I » 

'“ i Signt ST ... addition without correction ; ^ 

^ - IIT ... isaltiplication without corrootiott^*^ - ')/ 

'O J. <;. - <X:> 

DT ... diviaion without correctioa 

' The cachine atarta with tho nuabora ^i), (j) Tron the neaory of addresaes i, j. 

The specification of the operation is carried out with respect to the sign. The 
result of tho operation ia handled in such a voy that the first 2i* valid binary 
‘ * digits are left without correction. The result of the operation replaces the mesaDry 

' of address k. The next instruction ia selected according to the sign of the result. 

'■' “ SvEbol: SI ... elirlTAtion of tho e:q>onent Exp ^) + (f ) — > 

Tho nachine starts with tho numbers from the memory of addresses i, 

"*;Fron the number the exponent P or Q is eliminated. This exponent is annexed to 
"the number (i^ with respect to the sign of the result depicted according to Code 3, 
i replacing the content of the meciory of address k. According to the sign of the 
Z. result tho next instruction is selected. 

Symbol: WX ... replacement of the e 3 q}Oncnt (i) - Exp (k) 

***1 The aachino starts with the numbers frcaa tho nemo^ of addresses i, j. From 
^ 11 the number <J> tho exponent P or Q is eliminated, which is replaced by the number 
•fho result replaces the content of the memory of address k. According to the 

45 * 

Z] sign result, the next instruction is selected. 

^ 'Zi Symbcl; SIZ ... elimination of the sign Sgn <j) — »• (k) 

^'^^Z ' The machine starts with the number from the memory of address, j. Proa this 

number is eliminated the symbol of the digit Z. Thie digit as a number according to 


_[Cod.e B, 


and replaces iho content of the memory of address k. 
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“j" Symbol: WK ... replMOTont of the oyobol 

Th. «>.«., .urt. Kith th. t« .=«.7 .r 1- 

■'■i■,».b.r 0) 1. .U.in.«d ‘-h. .^1 2 »d vopucd dy td. n»d..r (i). T». 

; replaces the content of tho aenory of address k. 

Sjtnbol: SXY ... elirdnatlon of tho number A a‘. ^ 

S2 ... elimination of the number B bI </> i- <»> - <J- 

, + \*' ' *• 

SY ... clindnation of the number C C. 
th. KLchl.. .tart. >dtb th. ..ht..t tr». th. .=.D- or addr... J («^.h 1. oh. 
■ hair ot th. la.tru.ti..-.) ad th. «<.h.r rr=t th. .f add.... 1. foa th. 

' ..rt -.(JS th. diva h-Oar U. ■> »r 0) 1. .ll..i»t=d. uhl.h 1. a».«.d t. th. n-r 

• - hr < 1 ) ulth ...poet t. th. .Idh aad th. ...tat, uhi.h 1. dupl.t.d ....~1.4 

• ' • Code B, replacing the content of the memory of address k. According to th gn 

• ; th. r.»lt th. h»» lh.trtctl.n 1. ..l..t.d (... la Fle.2.6). 


Symbol: SVaY ... annexation to tho number A 

in the iTaStruction 
SVJZ ... annexation to the number B 
in the instruction 
S/Pt ... annexation to the number C 
in tho instruction 


■ i) -r- t ,i‘ 


BKj> - <•>-' 


CKi> + <*> •<*•' 


Th. ...hid. .tart, uith th. chUht frt. th. .r addr... ) (-d.h 1, ... 

-hair .r th. lh.tn.cli.n) ».d th. hurt... . fr<» th. h».rj .f addr... i. I« th. 

W VJ) th. given h«.d..r (1, B .r C) 1. «m<«»d, th. »«*.. <1) «!» reepact t. 
-th. .igh. Th, reeultlng »rd (uhl.h 1. changed hp .n. haK .T th. Inetrt.tl.h) 
;:r.pl.... th. ~nt»,t .t th. h»»a adlv... h (•» “.-1' 1" 
j Symbol; ViXY ... replacmont of the number A ^ ^ U'l- ' 

in the instruction 

3 W. ... r.pTa.c««.t .f th. hu.d,.r B , 

“V"^ - - ^ instruction 


5t..L„ 

, 1 


STAT 
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....... 



:■ i' : 

\ ] v'"’" - ‘ 1 

0 

' I 

«w— \— iy[^^ 5 ^ ? V 



. I 


T1 


\ WY • • t rcplaeop'^^nt. of tho’ minJbor C 

^ civ// 14' 

' j - In tho instruction 

I ~ 

Z] ' nachino starts with the content (one half of the instruction) from the mesn- 

r • 

ory of address j and the nuirJber from tho taenory of address j* In the word 
Hho givon number (A, B or C) is olirdnated and replaced by the number {i) • The 
, resulting word (which is changed by one half of the instruction) replaces the con- 
tent of the naaory of address k. 


tf' 






-Y-'vJ .-t-« 




'i 

ii. 


2.8* Supplcmentarr Operational Symbols 


Besides the principal operational symbols, which have an independent operation- 
. , al significance and cannot be combined with each other, there also exist supplemen- 
tary operational symbols, which never occur independently but only in combination 
; ..... principal operational syjsbols* 

.*,/ Symbol: 1 ••• suppression of the sign of the number (i) j(i) | 

. ' J ... suppression of tho sign of the number 0) |(J)| 

- * At the selection from tho memory of addresses i, J the machine suppresses the 

3 signs of the digits of the given number and carries out the operation specified by 
'f.i^the principal operational symbol. The result of the operation replaces the content 
tho memory of address k. These symbols do not exclude each other, and can be 

3 used in combination with all of the principal operatior.al symbols with the condition 
ir.^that tho suppression of the signs of the digits is carried out with the nxenber and 

4 7 .not. with the instruction. 


Symbol: K ... suppresaiion of the sign of the resxdt 


. At .the replacement of the content of the memory of address k with the rosxdt 
4rZ4of the operation given by the principal operation^ symbol, this result is provided 

— ! i' 

Su^^with the positive sign. This symbol can be used in combination vdth all of the 
S2-4prlncipal symbols with the condition that the result of tho operation is a number 

5iZl6nd^tJmi.instraction»... „ L 

56_„_§ymbQl: •>#.jninua>dth.to^ . t (i) * ... 
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1. ■*• 



J * ITie xaachine has in all two possibilitlos of irvfluenciiig tho oynbol of the num- 

? '-*4 ; 

her aeiectecl.frcwi the meaiory of aidrosa At tho caploynont of tho supplementary 

, I 

7^ symbol I, tho sign is suppressed directly at tho selection of the number (i) fx^om 
tho memory^ which leads to operation on the positive number. At the espioyment of 
the symbol M, the machine selects tho sign of the number led to the operation from 
„ the Gcaory of address i. Consider now tho consequence of the influence on the sign 
at operation on the number - ^i) at combination of the two symbols 1 and K, The 
„ symbol K can be used in coabir-ation with all of the principal and supplementary sym- 
_ bols with tho condition that (i) is a n\ 2 :ri>Qr and not an instruction. 


Symbol: G reading the card 


The symbol contained in any instruction effects that the machine first reads 
off the word on the card fed into the receiving end of the Eachine and assigns it to 
the memory whose address is perforated in the same card. Then the operations spec- 

A* # 

. ified by tho remaining operational symbols are carried out. If the fed cards con- 
..tain the corresponding holes, tho cachino,also reads off the successive cards in the 

— same way. The process is continued until the machine encounters a card without the 

3 j 

symbol. This symbol G can bo used in combination with all of the principal and 

3“ — 

supplementary symbols except the symbol H. 

Symbol: H ... perforation of the card HI .... from the memory 

■J 

H2 •••. from tho operation 

The differentiation between the symbols IDL and H2 is carried out by setting the 

«/* 

^.switch on tho control board before tho computing begins. 

- 

The symbol HI contained in any instruction effects that the nachine first per^ 

-^Iforates into the card the word selected from the memory whose address is pre-perfo- 

4 V j 

rated in the same card. Then there are carried out the operations specified by the 

-*“1 other operational symbols. If the fed cards contain the corresponding holes, the 

.52r-1 > 

^^•^machj^e also perforates the successive cards in tho saao way. Tho process is ro- 
^^•^-peated until the machine encounters a card without the symbol. This symbol can bo 



STAT 


Declassified in Part - Sanitized Copy Approved for Release 2012/11/20 : CIA-RDP81-01043R001400Q20002-8 














\ i: 




enjoyed In oombljiation with *11 of the principal and stapplcmontary Byrdx>l8 except ^ 
oyoibol C« 

The eymbol H2 contained in any Inatruction offocte that the oachino perforates 
the card with the results of the oporatioho given by the reiaaining operational syo- 
bols. The result of the operation replaces the content of the neaory of address k. 
The cachlne at the sane tiise perforates the card with the corresponding Index. This 
symbol can be used in cojnbinatlon with all of the principal and supplecenUry syza- 
bols. 

Sysabol: (c 2 :pty) stopping tho icachine STOP 

The icashino otops. 






im 




m 










, hr'- 


mt 






4 

i 

1 


















• Saf-.v 




32- 


‘ir> 

■iV/v L' ItXtA 






Mi. 






3^ 


J 

— j 












mm 




':0. 


'i. 


3£- 


1^ 




yy^iiSMW' 


tmimm 






40 * 


.-it 
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Operational mark; b) General Inntruction symbol; c) Addross of 

















































Fi6.2.5 - Hoaninga of Operational Marks (continuation) 

) Operational irark; b) General instruction oyabol; c) Address of instruction; 
d) Operational oyabol; o) Complete instruction; f) il..pty 
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If sign of nsHult ia negative (Zr ** 1), control aelcct next mat ruction of metnory for addressea KA.KA^ 




















Declassified in Part - Sanitized Copy Approved for Release 2012/1 1/20 : CIA-RDP81-01043R001400020002-8 


r 


I 
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Wdi-..,.,:.. 

i|£i.K' ■ 

wssm--: ; ■ 




1^ 




c:'-i 


(eapty) 




' 

“■n> 6: nenar^ Survay of Pundiimental Opemtiona 

— ,-17 

"■ j Operational Hark 

Operational Symbo 

-t 

*S* 

<»'> + <7>-^<*> 

i 

.Y 

<0 . <j>-v<*> 

r' D 

<•> : <3>-^<f^> 

• ( 

2’l<i>-H. <i!> 

' . 1 T 1 

T2<}>^ <i> 

M 

-<0 

1 

KOI 

J 

l<i>l 

K 

1 l-^<i-> 

a 

1 

0 .... 

Hi... 

//{ 

112... 

AT 

<i>:L</>-^<fc> 

AT 

<i>^<j>-*<t> 

” DT 


^ - .SA' 

Bxp O') + <0 -*• <*) 

WX 

/{> = Kxp O') -*• <*^) 

SYZ 

Sgn O’) -*• <^) 

WYZ 

<i> ^ Sgn O') <^) 

SXY 

vl!0') + <*)-♦ <fc) 

SZ 

W + <•)-*' <fc) 

"I SY 

C!0') + <»')-^ <^) 

" - NSrAT 

AUJ> 4- O')-* K^) 

sjl SWZ 

/JlO') 4- 0')-* ’-a-) 

SWY 

C’!0'> ‘- O') ->!<*) 

*"Z H’A')' 

O’) - ^'•0')-* la-) 

* - \YZ 

0-) = J5'.0')-> l<i-) 

irr 

0'>« C!0')-* !<£•> 

’ J 

STOP 


. %- 
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CHAPTER 3 


THE PREPARATIOH OF AM IIISTRUCTIOKAL KBTVTOiaC 


procedure for tho preparation of an ^J^8tructional network has three parts. 


ii.— las follows : 


I ’* a) Selection of a suitable nuserical method; 

. b) Vathesatical formulation according to selected method and preparation of the 


••• instructional network in general form; 


c) Detailed preparation of the instructioral network, 


VJOPEIMC PE0CEDUH2 


3.1. Selection of Mtaaerical Method 


The study of numerical methods suitable for automatic calculation is in itself 


a new branch of rathesatics. To this branch, a series of works will be devoted in 


.future yearbooks of the Kanxial# 


>.2. Vnthcmatical Forrulatton and Preparation of an Instniction Metvork in General Fora 


me Eathsoatical I’orcrulation of the selected method and the draft instructional 


1 network in general fora were carried out on fom "Model 1", page 1 of which is shown 


-in Fig.3.1* 


The three main columns of this fora have the headings: "Analysis", "Vocabu- 


-.lary", "Instructlorf*. The 'anstructiorf* colunsn is subdivided into k columns, tiUed: 


— '"Indeac", "Operational symbol", « ♦ ", " - "• The pages of the fora are numbered and 


4 cany the designation of the Job to which. they are related. The fora is filled with 


Hthe corresponding Eathematical symbols and tho symbols described In Chapter 1. 

i ... ^ 4. -..I- rm.- 


The mathsmatlcal fonaulation begins in the "Analysis" column. The factual data 


-jare eopresaed in succassion in matheiaatical teros, followed by successi ve sp ecifica- 
- tion of the arrang^nt of these tsras. there are also frequently entered oath^^ 
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I Ic^ statcisenta nhich do not participato diroctly in tho process but constitute the 
.J basis thoreof. The next step of tho construction is tho drafting of the instruction- 


M al network in general form* This is done| by filling in parallel tho rcraining col- 


ujnns of the forn* The coluisn "Vocabulary^* contains tho symbols describing the cor*- 

i 

.! tents of the addresses and mcDoriea* The' **I ns traction" colxsrn has the general in- 
stmctional symbols according to the mathematical expressions in the **Analysi 5 ** col- 
umn. Each instruction is denoted by an index coir^scd of ti#o capital letters. This 
is done for facilitating tho orientation in the instructional network, since in a 
group of instructions belonging together the individual instructions begin vdth 
the sane initial letter. The second letter gives tho order of the instruction in the 
^ group (for example, DA denotes the first instruction in tho group of Instructions B). 

The coluzen **Ir*struction** contair^ also the clews for the constants set in the meiaory 
- of the machine* A clew has the character of an instruction, and is denoted in the 
**Ind€od* column by a mark composed of an exclamation mark, the letter Q and an ordi- 
,nal number (for exas^le, lQ2t is the clew « of the number 24 to the stored constant). 




3*3* Preparation of the Detailed Instruction Network 

The preparation of the detailed instructional network is carried out on 
**Kodel 2" form, page 1 of which is shown in Fig.3*2. Tho four columns of this 
fora have the headings: "Index?*, **Address", "Entrance Iriformation", **Variable In- 

- formation**. The **Index" column contains the reference to tho line of "I'lodel 1" fora. 
-The "Address” column is subdivided into two coltnans. Tho first of these columns has 
-preprinted the octonary of the address of the wojrk entered on the same line, and the 

- second contains pre-printed the verifying mark P. The **Entrance Information" is 
-jlikewise subdivided into two columns. The first of these columns contains all of 


'the words stored in the machine before the beginning to confute, and tho second con- 


'{tains the mark symbolizing the numerical code to be used (B or D). Tho **Variable 




-3:nforaation*'' column gives the sysbols of the variables of tho constants -which occur 
jin-the corrasponding address during calculation.' 

. - 36 . 
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A ce^loto "Modoi ^ fona oonoiato ot 32 pages of 32 itnos each, or a total of 


' l|l0a llnea, . Tho.linos of the •‘Address*' colxaan are nunbored in advance. Instead of 

A4 ^ M»<A 4-Vkea Annvw mnv*VA USC<i i-H trhO 13X*CDl*ljl 


^jthe naual docadio marks the octonary marks from 000 to 1777 are used in the preprint. 
_jEach line of the executed form is penaanently coordinated vdth one place of the mem- 


'ory of the machine. 


"Model 2" fom is filled according to the inserted "Model 1" fona. This fill- 


ing is, of course, quite tedious, and requires concentrated attention, but repre- 
sento, in contrast to the preparation of the instructional network in the usual form. 


nearly all ceclonical work. 


It should bo noted that entered on the form at the individual addresses are all 


the given instructions and constants. For reasons following from the construction 


-of the isachine, always inserted into the nesory of address 0000 is the constant, and 


into the memory of the address 0001 the constant 1. These constants ore, of course, 
preprinted on the fona. The entering of. the instructions is carried out by executing 


the "Index" column, where the general syrsbols of the addresses of the instructions 


*aro entered according to the "Model 1" fons. Thereafter, the constants of the prob- 


._lcn set before the beginning to coepute are entered. On both forms these constants 


laro denoted by the letter Q. According to tho vocabulary of "Model 1" form, the 


-memory is finally replaced by a variable magnitude. On tho basis of ..his work it is 


—advantageous to affix concrete numerical values of tho general addresses in the 


rVocabulary. The selection is noted in the "Remarks" oolunm. At the same time, the 


.J'Variablo Irvformation" column is supplied with the dorvoiopaaent of tho variable con- 


~ient of tho memory. . 

J After entering all of the words, tho ."Entrance Infomation" column is inserted. 


r 

— Jrho nmiberfl corroepond vith the caployed code (B, D), vhile tho instructions are 


— pntdred according to tho name of tho znodoX (Pigs. 2*2 - 2.5)« It oust be mentioned 


■■Hthat all of tho addresses are written in the fona of ihe fundamental octonary. 

S4J - 


-j The preparation of tho instructional networks onds with the detailed and conw 
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l^u rming of «Kodd: fora. "Xccordliis to tho •iAddroas’*' and tEntrance Infona- 

Uion"'«>lmnD_thor.e ia then porforatod the odtrance batch of perforated cards. 


^ Iiratructlonal Ketvork for the Calculation of CQg 

In the foUotdng the preparation of the instructional networt for calculating 


, ' the value of y equals cos x vill bo described. 


Selection of the Method of Calculation 

S^loycd in the calculation is the faailiar exponential series 


itis X 1 


^ 4; 


Because the value of argeaent x is unlaovn in advance, and the series for the nag- 
nitude of x converges slovly, it is necessary before proceeding with this series to 
„ calculate the argument of the sane functional value between 0 and v/2. The itera- 
Tuon is calculated by addition of the exponential series, because this is the cost 
-advantageous cothod for the automatic coeputor. The calculation is terainated as 
"soon as the next tern of the series is snaller than the given e. 

The cathecatical forculation and the drafting of the instructional netwojic in 
’-'general fora are carried out on "Model 1" fora shown in Fig8.3.3 and 3.U. On the 
r.'first page of the fora, in the "Analysis" coluan, the arrangement of the argument is 


■foranlated in the specified limits. For the sake of sicpHcity we shall start at 


Ws point with the absolute value of the argument. First we subtract 2a until we 


■ '.'.get a negative result. Then we reach *j;, located in the interval - 2n to 0. To 
-this Zjj we then add «/2 until we get a positive result, which will be v^^, located in 


Ahe i^go 0 to it/2. The second column of the Table, entered after completion of the 


-■"Analysis" column gives y - cos x for various possible m values entered in the first 

5'..4 


jeolum of this Table. Since wo wish In principle to calculate only according to the 

si4 ■' 


Hserles for the cosine, we put y - s x cos w. The values for s and w for rarious m 


ivalues aro given in the remaining two columns of the mentioned Table. On the second 
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_j page of'tho form (Fig.3*4)i in the ”Analyslo” coluim, the method for calculating the 
j, s'si of the exponential eeriee ie fonnulated and the condition for its completion is 
* ' stated. 


J The. drafting of the instructional network for the described arrangement of the 

> argument in general fom is carried out in tho renainir^ coluxans of the fonn in 

and 3*4^* ^e begin with the two clews iQO and 1(^1 for setting the standard 
constants 0 and 1 in the cesaories 0 and 1 and with the clew !Q3 for setting the giv- 
en argument x in the mesiory a. V/e proceed according to the first instruction AA: 
^'Take tho absolute value of the number set in the memory a and replace its cor tent 

with tho same neimory a. Pegardless of the sign of the result (in this case it will 

always be positive) continue further according to instruction 3B*». After carrying 
out instruction AA, |xj is set in acaory a, which is entered in the *»Vocabulary« 
column . Tho next instruction AB is; "Set the product of the numbers set in memo- 
ries pi and pa in tho memory b. Proceed further according to instruction AC". 

After execution of instruction AB, the constant 2k is set in moiiory b. With this, 
however, we are prepared to. calculate For the calculation, memory a is used 
_ where Zq “ )x| has already been prepared. The calculation is carried out according 
.. to instruction AC; "From the content of memory a subtract the content of memory b, 

.. and replace the content of memory a by tho restilt. At a positive result proceed 
further according to instruction, at a negative- result proceed further according to 
, iriStruction AD". It is obvious that the execution of this instruction must be re- 
peated until a positive result is obtained. At the first negative result the opera- 
— tion is discontinued, because then the sought is already set in the ^temory (and 
. recorded in the •'Vocabulary** column), and the calculation is continued according to 
-,‘instru^ion AD. This instruction is carried out for replacing the content of acia- 

f.o ^ j 

joiy b (tfhero tho set constant 2 x is no longer noeded) by the new constant if/2. Thus 




we are prepared to calculate used in aesiory a. At this point of the instructional 
. network, siasultaneously with the calculation of v_, the raaification of A possible 
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■ IffUrthir proco.oMO opectfiod In tho Tablo in the ''Analyaio" column for rarlous m 
' ~| valuea io eado« This io carried out using inotructiona AE, AF, AG and AH. By 
''^execution of inotruction, tho content of memory a or n/2 io increased. At a posi- 
' ; tive result we are ready to proceed further, because then n - 1, in memory a the 

■value VI is prepared, and wo change over to instruction AI, whore first w and s at 
‘ ' n » 1 are calculated. In the event of a negative result we continue according to 
instruction AF. Tho execution of this instruction again Increases tho content of 
memory a or r/2. In tho event of a positive result m - 2, wo have and we change 
over to instruction AK, whore first w and s at c - 2 are calculated. In the event 
of a negative result we continue according to instruction AG. The execution of this 
instruction again increases the content of ircsiory a or r/ 2. In the event of a posi- 
tive result we continue according to instruction AL (for calculating w and s at 

■i 

- a “ 3). In tho event of a negative result we continue according to ir.struction AH. 
This increases for tho last tine tho content of memory a or k/ 2, after which the 

- calculation for m * A is obtained according to instruction AH. 

Instructiorj AI, AJ, Ait, AL and AH are carried out for preparation of the 
values of w and 8 needed for the further computing for memories a and c according to 
the Table in tho "Analysis” column. At n » 1, the execution of instruction AJ 
furnishes s - 1 in mesiory c. In the next instruction AJ, frw n/2 set in memory b 

- is subtracted the value Vj^ sot in memory a, and the result w is put back into nem- 
~ ory a. After execution of those instructions, the machine continues according to 

instruction BA, which begins the actual calculation of tho exponential series. At 
-■a " 2 , the execution of instruction AK furnishes s •• -1 in neniory c, which is im- 
• mediately followed by further calculation according to BA, since w - is already 
' -.inserted into nemoxy a. At m - 3, execution of AL furnishes s - -1 in memory c, 
"Sdiich is -jjmedlatcly followed by instruction AJ , and tho deidco continues according 
j '• to BA. At m - A, the instruction AH acts on memoiy o, and tho operation proceeds 
further according to instruction BA. 
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] Coffipiitlng the ouo of the ooqjonential oericc begins with instruction BA, which 
! effects the replacarvent ol* the content of laenory a with the value w^. The next 
' instructions BB, DC and HD produce the setting of the initial values Uj, s^ and j 
for j • 0 in aemorios b, d and e, whore the values are replaced. Instructions BE, 

BK, BG, BJI, 31 and DJ carry out the calculation of the further cesabers of the series 
according to the formula given in the "Analysis” colurn. The form also contains the 
coMaand !Q5 for setting the constant p in ncLory p3. This constant is used by the 
next instruction 2: for verifying whether the iteration must be continued (accord- 
ing to instruction BL) or whether the rachine is ready to proceed further with the 
coiqsutatior. (for which the instruction CA is valid). In instruction BL, the addi- 
tion of the tenrs cf series is carried out until the sun is reached. Instruction 
increases the content of ccr=ory' © by unity, after which the machine proceeds with 
further iteration, beginning vdth instruction BE. Instruction CA effects the re- 
placement of the content of b with the calcxilated y, after which instruction CB 
intervenes, which stops the computation. 

The detailed instructional network Is prepared on the forms of Figs. 3. 5, 3*6 
and 3.7. Cn the first page of the *»Hodel 2»» form of Fic.3.5, in the first two lines, 
the memories 0000 and 0001 are entered, depicting the constants according to the 
coEiaands !Q0 and !q 1. On the further lines of this page and nearly all of the sec- 
ond page (Fig.3.6) contain the instructions, each of them always in two lines. The 
„„.third page of the fora (Fig. 3. 7) gives the contents of the constant and variable 
. mesiorios in the course of the calculation. In the "Remarks” column there is always 
given on the corresponding line the coordination of the memory with the general ad- 
- dress of the instructional network fixjin the •'Model 1” form. 

4 The instructions are written in the manner described in Chapter 2. For example, 
-,aho instruction on addresses 0002 and 0003 reads: ”Tako absolute value of number 
— jaot in metrory 0100, add to it tho content of nenory 0000, and set result in meniory 
.-iQlOO (replacing previous content); proceed further according to instructions 
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Fig.3«7 - Third Part of Instructional Network 
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CHAPTER k 

INVESTIGATION OF A CENTERED OPTICAL SISTEH VaTH THE 
AUTOMATIC CALCUUTOR 


Wo concltido tho first port of this Manual with two concrete 
esamples of the application of the automatic computer. The 
first of tho exaiqjlos is from tho field of geometrical optics. 


INTRODUCnCNi 


In calculating a high-cjuality optical-system, the most Important part of tho 
' ' voridng procedure is the elimination of the imaging error with the help of the foro- 
■ ■ , ative parameters (dlcenolons). This must be done by calculating the ray path of the 
given optical system and that of the optical system obtained from this system by 
changing one of the formative parameters by a small amount. For exanple, in a pho- 
tographic objective the formative parameters are usually more than twenty. This 
■ ..means that wo must carry out besides the fundamental calculation of the ray path at 
. least twenty other similar calculations. It is not sufficient hero to calculate the 
-/ path of one ray. At least five rays must be calculated for each point of the imago, 
i - and three points of the Image already require the calculation of 300 ray paths. 

Of course, by fonsulary calculation with the help of Tables and the coiq»uter, 

' "work "and time are saved. This suggested the idea of carrying out the variation of 
• Ithe formtlve parameters solely on tho basis of the ray path conUined in the plane 
‘•:l'of symmetry of the optical system, because its calculation is relatively sinqile. 

-The calculation of a ray path convergent with the optical axis is not mathematically 


S'— difficult, but time-consuming. With the help of the counter, however, it is very 

-H " 

Si- — 'easT ' 


S2 to.prcpare the inatructional nctworlc^ according to vhich tho device calculates 


S^^in-a-ahort-ttoe a ray path convergent >dth the optical axis* 

L.-rijo construction of the Instructional networks for the calculation of ray paths 

50 
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_ divergent, and convergent >dth the optics^ axis vdll be explained, it should bo noted 
_ Jthat in the preparation we proceeded more on the basis or decadic considerations 


than the oconongr of the instructional networks. However, for the present capacity 
of the cooputer, there is sufficient room i for sotting instructions for the calcula- 
I tion of the sum of the squares of errors and instructions for minimising these. 

The discussion of such a supplementary working procedure is beyond the scope of the 
present work. 


, is 






W 
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OoojMtrlo toalyelB of tbo Prol>l« 


T(|,i. ^itBulatlon 

j The inyootifi-tior. of a ccatcred optical syatw Involvcc a repetition of the 
:• aolution for the problem of the transition of a given ray through the given optical 
j eystem. This problem can be formulated roughly as follovs; 

Assume a system vith a certain number m of spherical areas with their centers 
in the a:cio x^. The last of these areas is the focal plane. The remaining part of 
the areas have the form of the surface of the individual lenses of the optical sys- 
tem. This part of the areas will be called the bour.dar}'. Figure /..I shows «camples 
of convex, concave, and plane boundaries of a focal plane. Each of the given m 
areas has a certain constant hj (relative refractive index, i.e., the ratio of the 
7. refractive indexes in front and behind the boundary*). The ray is further identified 
: by ite individual directional vector and point. The intersection of the giver, ray 
with the first boundary caisi be determined. In addition, the new jr.divioual vecto. 

: giving the direction of the ray after refraction must be dctermir.ed (with the help 
of the constant K^. This refracted ray is then again detemined by the individual 
7 , directional vector and the point (intersection with the first boundary). Then the 
7' intersection of the refracted ray with the second boundary must be dete.n:lned, and 
then the new direction of the ray, and so forth, until the focal plane is reached. 
-In this case only the intersection of the ray with this plane, must be detemnined 
' “and the problem of the transit of the given ray in the optical system, is solved. 
'’77: This shows that with the solution the problem is practically reduced to a few 

1 repetitions of the solution of two such geometrical problems . 


im ■■ ■ 

- ‘ 

•iV'- 

r‘4 

v:-, 

Sir 


'r.i 

1 i 


~ * is a constant as long as orOy the wavelength of the light is considered. 

The points will be denoted the same as their half vector, so that we may speak 
^of point Xj H X 5 ^ 2 , Xj^ 3 ). The variable point (vector) will be denoted 
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** -Tt . hHtcirmlnatlon of the Ihteraflctl^ 


j Given a.otwifiht line vdth ito individual directional vector aj-j = (^^j-l.l' 
^M,2» ‘‘5-1,3^ Oeteneine the interaec- 

.J tion Xj = (^J,li ^J,2i ^j,35 etraight line with the spherical area given by 

• the center s^ = 0, 0) and the radius R, (or vdth the plane 






' * I; 


**' 



■R. s,., A\ 


-1- ti d, J Af 



d) 







pig.i,,! _ Examples for Types of Areas in an Optical System 
a) Convex boundary; b) Plane boundary; c) Concave boundary; d) Focal plane 

< • _ 2, pgterciination of the Kew Direction 

4f.r. a) Detercdne the unifom vector n, sCn^^j, nj^2» noreal to the area 

50^j( given in problem l) in the point Xy 

s?3 . b) Determine the unifom vector a^ s(aj^l, ®j»2» ®^j,3^» '**'i®** linear 

5“* -jeombination of -the vectors a^-^ and nj (i«e«, located in the same plane; ace Plg.A*2) 

SOand -for 'Hhose an^e 0. >dth the vector nj there is valid sin 6 : sin Oj - Nj; Nj is 
f J 

“* I • « STAT 
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1 given by the constant and o; if the anglo of the vectors n^ and 

J J */ w 

i At th« solution of this geoKotrlcal problcsa, aon-.e facts naiat bo iakcn into 

t 

: accoxmt according to the physical sense of the problem. These facts are considered 
j in detail in paragraphs /♦*6-/i.ll. ! 




Fig./i.2 - Transit of j Hays at Boundary 
a) For < 1^ b) For Kj > 1 


,’4.2. Transition of a Ray Through a Spherical Bounda 


We describe the procedure of the calc\ilation for the stage where the transition 
.^.of a i ray is investigated in an area. It should first be noted that this area is 
... spherical. Known in this case are: 


,the straight lines 


\ the spherical area 


n J 

5^ Jiho^conatant Kj*., 




* - Jf, , - jo, . I 


>= •'•/-M -f 


**3 — 

r, -3^/ -I,* -*• . 


(X • - s,)‘ Hj , f. j. (a*, - ,)* - j'l 


-I li; <• 
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!• CaXculate the Intoraoction of the Ray vdth tho SpHerl^^^ Surface 
a) Detcnnlna tho value of tho pai^eter t for tho intersection: 

; <•'•! i.i f iV i.j ■* «< i.iO’ ' (r, ,,, «,,,/)» /C <1 

■ K-t.i ! ■ M'l, i.r'V-i., 

' ~A, ' 

-*1-1.1 "..I ^;.i “ 

It, 

n ■ iA,( n, «. 

-I, I .<? ' //, ■■) » 




b) Calculate the coordinateo of the intersections: 

■*'-> >.» ' J*, 1.5 • n, 

■*^*3 , 1.1 • (^•^) 

2o Cxilculate the Vector a j 

Since aj cnist bo the linear coicbination of tho vectors a^^^ and it will 
have the forni of ^ constants which aust be deter- 

Edned)o 

a) Detennino the vector s ^j,2* vector Joining the point 

Xj of the spherical area with its center Sj has its direction nonnal to point Xj and 
isagnitude Combine the unifona vectors normal to nj, then 

"U--K. X.,, : /f, . .X,_, :/{,.>) 

b) Calculate tho constants Cj, Kj and cocblne the vectors aj* The sought vec- 
tors aj naist have the following three characteristics: 

^ A-,n, . 

lo,! - I . (;..5) 

.silt Pj A J Sill \j ^ X 


* We select for concave boundaries and for convex (See paragraphs i».9 and 

- - - 

^-Reorientation to the no naal (Soo paragraphs U»7 and 
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wnore oj lo the anfie of the vectoro n. and fl' 

■ H ^1’ J' ^he angle of the vectors 

_ - Ke JTultlply eq.(.V.4) by the scalar vector n. and 


Since a^, a^.^, are uniform vectors, the folloving is valid; 

«. «/ o, =,.,K „ „ , 

so that instead of (^.7) ve write 

and then ^ 

Ois -- CiiA , 

. O;., '.--I ^ A*,#!/ • OiM . 


ocaiar vector and obtain 
. ; a* ^ 


' ieO*, 


r A',cr»8 


SO that 


Wo separate the left side and get to according to eq.(/..8): 

- A cos X, Kin a, Kin x, = c, - (cos ft - C, c« cas x, 
-Acasx,.. H.„;,,Kinx,^C,(l ..cs.s*x,) .. 

j<in (ij Hin a-T Cf «in* \j 

r,.2!!A_.v 

Hin * 

Proceeding from to (4.8), we obtain 

A , = cos fif — A*, c*w X, . 

For cos according to (4.6), we have 

.. , _ Kin*^, ^ ^ 

lat 

I'T:=^»(r--cos*A;) ~ CO* x, . 


(4.10) 

(4.11) 


54 -lifcj 3 ,o..eeloction.ofJ's.'’ for 


; - “ follow, from paragraph 4.7. If the ixw,t comes 

jout-iaaeihai 7 ,-thlo co rresponds to total refleoc; see paragraph 4.II. c 
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SX?. 
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.•BSX ‘ 




P"Sijncfli‘'aj-j^/ iij ar« knowi/'wo'w ally’ find the valxi© coV >fj"- • nj, "and h^.cc 

also the value K j* 

Calculation of the factors 

I , j 4- 

i cecpletes the calculation of the transition of j rays through (spherical) areas. 


4.3. Transition of Hays at a Plano Boundary 

If the J area is a plane of equation sirpler to calcvdato the 

intersection of the ray with this plane. Part la) is calculated and replaces part 
la^ ): 

1.1 " • 


We assume 


"l-M + 0.*) * 


so that 


The further calculation is the sane as that for the spherical area, but part 2a is 
omitted becaxise the vector nomal to the considered plane is known: ^ (1, 0, 0)# 

So far it has been assumed that the transit of one (given) ray in the optical 
systea is being investigated* It is, however, necessary to select a suitably re- 
solved ray with various directions and various places of origin in the optical sys- 
tem. 


4.t# Selection of the Place of Orifdn 

The plane (x2, 2^3) is selected in such a way that all of the points belonging 
7 to the part of the area cosdng into consideration for the first boundary have a 


positive but minimi coordinate x^* If this first boundary is convex or plane, the 




^■beginning of the coordinates is located in the intersection of the optical axis of 


51-^ the system with this boimdary# In the plane (x2, ^g) a lattice is given of 28 points 


54,-X 


exclusion of the case - 0 see paragraph 4*6# 


57 
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^ 7^ According to rieJk.3, where A a given (by definition) length* If a ray arising 
in the optical eyatea in a given direction in to be ir.vcsti gated, we select in the 




o — — o — o 


o~- < 


giver: direction each of the points of 
Ihis lattice with the starting point In 
this direction, and express it by 

*0 — ^* 01 * * 0 , 2 » ^, 3 ^* 

which we select the points of the lat- 
tice is irdicated ir. Fig./*. 3 by arrows. 


/j. 5 , Selectlor of Direction 

The direction of the entering ray 
is detenrined by the connection between 


I -O-'-O— O points p = (py, 0, 0) and q=i(0, 

1 q^, 0) oriented froir. q to p (see Fig.i*./*). 

Fig./*. 3 - Selection of the Place of Ori- 

This > 0 is constant (selected in 

gin of a F^y in the C'ptical Systcc ^ ^ ^ 

dcpendcr.ee on the angle of vision o: the 

given optical systca*), and with q 2 we select in succession the points 5> /*» ?$ 2 , 1 , 

0. For the uniform vector aQ = ^0.2> ^.3^ particular direction, 

is valid: 

^ "o,i =- />! : l'7T”Mh 

^ 'f,., - -lit- yii + '/S . 

«o., -=«>. (4.13) 

We calculate then for the 

^ optical system the paths of 
■ ■ -- - the rays in six different direc- 


Fig./*.3 - Selection of the Place of Ori- 
gin of a F^y in the Optical System 


!Fig./v*4 - Selection of Entering Direction of Ray 


tions and for each of these direc- 
tions we investigate 28 different 


^ '-Iplaccs of origin of the rays in the optical 0 yet«n| and hence wo calculate in all 


$6 ^.y^rays* 
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'V , 


■.% 


»'f ■ S'’'** • ' 

'*-•?•*** 

^ 's* •" 

. i ■ 

^ ' 't 


^i according to FigW^O# '^hcrc A io a given (by definition) length. If & ray arising 
..,; in the optical system in a given direction is to be Investigated, we select in the 


(0<3^l4) 


. o— — o 


f-r-o o- 


— o-»— o 


Fig./*. 3 - Selection of the Place of Ori- 
gin of a F^y in the Optical Systes. 


given direction each of the points of 
this lattice with the starting point in 
this direction, and express it by 

^0 — ^* 01 » * 0 , 2 » ^, 3 ^* '**' 

which we select the points of the lat- 
tice is indicated in Fig.l*.3 by arrows. 


'i.% Selectior of Dlroctlon 

The direction of the entering ray 
is detemined by the connection between 
the points p = (p^, 0, 0) and q = (0, 
q^, 0) oriented froc q to p (see Fig./i./J. 
This > 0 is constant (selected in 
dependence on the angle of vision of the 


i given optical systea), and with q 2 we select in succession the points 5, /», 3, 2, 1, 
- 0. For the urdfora vector a,Q = (^0.1» ^0.2» ^. 3 ) ^ partievOLar direction. 



is valid: 


'^0,1 Pi * ItT *f 

«<..! — </« : ITF^-Ti . 

(4.13) 

We calculate then for the 
given optical system the paths of 
— /. the rays in six different dircc- 


- Selection of Entering Direction of Ray 


tions and for each of these direc- 


tions we investigate 2S different 

^^-^placBS of origin of the rays in the optical system, and henco we calculate in all 

^^-j'lSS-'raye. 
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Lm6m Iispennisalble Anglo of Ray with Optical Axis 


. : ir the poaitive direction oi the ray includes the pooitive direction or the 

f 

-.4 

axis the ray loses significance for our purpose* If, therefore, the directional 
J cos a ' . satisfies the inequality 


at e > 0, by definition we cease to investigate the path of such a ray (here, ainong 
others, the case a^^ * 0 in eq^/**12 Is included). 

j 1,1 

/,.?• Orientation of a Konnal Vector 


With a convex boundary we orient the nonral vector iii the direction toward the 

center of the spherical area and with a 


\/ 


i 

I 


Fig.4.5 “ Transit of a Ray through an 
. lap ennis Bible Part of the Area 


concave boundary" in the direction away 
froit. the center. This assures that the 
angle R of the directioral vector of the 
ray with the nonral vector, in the cor>- 
sidored case is always acute, so that 
cos 6j ‘ C Is excluded (which justifies 
selection of the sign with the root 
in (A.IC)). 


A*8. Iraglnary Intersection 

Significant for our problcsn is only 
the real intersection of the ray with the 
concerned area. If, therefore, the ray 
docs not encounter a real spherical area. 


we do not calculate the ray and we cease to investigate the path of this ray (in 
some calculations, according to cq«(A*l), wo therefore, exclude the case - B j ^ C 

Selection of One or Two Real Intersections . 


a convex boundary, of two real intersections of the ray with the concerned 
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■v-'^-' :'^! A ^ ^ 4^ Urn "An A ea.n have 


i^*^y “ 

- ‘ ’* 


':. .r«, .n^ on. con nav. o.Enirlo.nc «Moh ho, th. »aU.n ioordinit. 

■ ' t Thorotor. tho othor Irtor.octlon lo not caloolat.a. inalosonoli', tor a eon- 
^ 'i l. Ooonai.7 VO oaloulaiia only th, Intoroootlon nith th, cr«ttor coordinate a, 

‘ _: taccordln^y, tho oldh of th, root 1. oelodt.d lor .<»o of th. calcalatlon. accord- 

infi" to OClo(taol)* 

- ,,.i0. Trnnihmisaibl e Part of Am 

Figure t.5 showa the cignificance of a part of ar. area vhich con r.ever be uaed 
on. ^von optical ayetea. If the ary (a. Indicated In rid.-.-l) ml-n-l- ary 
part Of th. area In thl. portion. It loco. .td.dficanc. for the prchlor. »c ccace 
to invoetiyate It. path. In calcnlatln, thl. ca... It 1. foond that th. paroa.t.r 
‘ ,- t, of th. intorction of th. ray vdth th. additlo.al arar (1..., th. point hj) 

J 

coisies out ne^tivo. 

1**11. Tot&l Reflex 

It 1. nocacary to oxolnd. th. caa. vh.r. total r.fl« occr. at any tdor.dary. 
Thl. caa. la to»d vh.n. at th. cal»latlon th. dlrctlor., th. ray, after tran.it 
- thooash tho coraldorad hoar.dary, «pr.a..d holov th. root In clt.lO). coa.a oat 
■ ;; nosatlv. or tort. Such a «... la not farth.r to.atlhatcd. 

, - t.i 2 . mattowilBhl ng botnoen hnherlcal and Plano Boandarlea 

,,:: in th. tlrat part of th. calcalatlon of th. traralt of th, ray through th. 

. - boundary It aaat b. d.cid.d ah.th.r tho con.idcr«l ara. la aphorlcal or plana- I” 
, . ' ardor lo cnabl. th. mchln. «ally to apoolfy th. proper cal»lali.n, a. acalgn to 
,.7_ ovary plan. th. valu. hj - 0 (.lth»sh thl. do., not have d~P.t.d=n 
iQvhllo tor aphorlcal area. «• alKiy. hav. tho tadiu. Hj f 0. 

. ’ J 1 . 13 . M.tlnirul.hlni! v-ta..n Cohvo and honcavo Kundari sa 


„.na. b.» found advantagort. to aa.ign to th. radlu. R, nith .o.v„ boundar- 
“dliVVhT'^ aign S rith iho concavo bounirri.. th, alsn, «ul then to aot the 
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values or the radii in the macMrie >dth those si^. In this vay the cachino Is 


^^jjabio in advance^ at the calculation according tc eq^ii*!) to instruct where the 
or the sign for the root is to bo selected; it is sufficient to give the 


J root the sane sign as has. Further, such assignment of the sign to the radius 
JRj ( in calculating according to (/^O)) is assured in agreement with the norml vec- 


tor (see Paragraph 4*7)* Starting here, the STiabol R^ is defined as the radius 


already provided with the corresponding sign. 


'f; Distinguishing between Focal Plane and Boundary 

'• V<e require an element with whose help the irachinc is instructed to change the 

. ' „ procedure in the moment when the calculation of the path of the ray is finished, 

‘ ... i.e., when the ray reaches the focal plane. An element is used with which the con- 
- stant Nq " -1 is assigned to the focal piano (although this does not Jiave physical 


sense! )« For all of the reinaining areas wo thus have Pj > 0. 


U*15* Characterization of Boundary Constants 

On the basis of what is stated in the three preceding paragraphs, the j bound- 
.. ary is fully cluracterized by the constants P.<, Uy These constants indicate 

the size and location of the boundaries in the system, as v/ell as those of the other 
— considered areas. This is utilized for the construction of the instructional net- 


-work. 


DESCRIPTEOK OF CONSTRUCTION OF INSTHUCHCHCAL NETiJOBK 




“‘ 4.16. Group Arrangement 

^ The instructional network is diagranaDatically represented in the group arrange- 

— :inent of Fig.4*6. For the detailed investigation of tho network it is advantageous 


jto use the **codol 1” forms shown in Fig8.4»7“4*13* A survey of the storage of the 




54 constants in the memory of tho machine will be found in the throe pages 


'^.of the »»Biodol a** form shovm in Figs. 4 *21-4.23. 
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*3 Until' the inoiruotiohs" in 8otto‘^rt"of the instnictiorvil network Are eetablish- 

' "! cd in a particular sequence, no mention i$ B»de of inuiviuwal inatructlona. The 
' T entire ^up of euch instructions is denoted Irj Fis./,.6 by a rectan^e. Some groups 
j will toclude the part of the instructional network in which the instructions are 
' ! established by a somewhat more conplicated procedure. Thus, for exarple, the group 
' of instructions FA to FZ (briefly, the group F) contains, besides others, the in- 
structions PA to FU, according to which the machine repeats the root-extracting 
cycle several times. The cycle is described in detail in paragraph 1.5. The group 

F in Flgeii*6 is denoted by one rectangle. 

The manner in which the individual groups can be established is indicated by 

2 arrows in the grouped scheme. 

' ‘ For the solution of the given problem, it is necessary to be able to solve 

■ other problems. This article will eacplaln the parts of the instructional network 
with whose help the further problems arc solved in the machine. 


/..I?." Problem 1 . 

5 'I Given is the boundary with its constants Rj, (the constants are set 

:,:.„.in accordance with the remarks presented in paragraphs A.12-A.15). Further given 
i,“ is the ray falling on the boundary with its constants ^1-1.2* *ri.l’ 

4vl To be calculated are the constants of the same ray after refraction at the 
4 _ boundary. ^ 

• Ji Problem I is solved with the part of the instructional network for instruction 
.( T'-Ek to instruction NZ. Instruction JA and the address relating to instruction VA 


4c'4are in this cass disregarded. Tho given constants are stored in the memories nO, 


jC_J nl, •••j nlO (concretely A60, ..., A70)*. 

th, .3)., .3,2, aj_3, *3,1, Xj,2, ^ »» 


i 

■ 55 J.«_c.f.. paragraph A»22 
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: ■^;:>>‘;^; ^,¥V‘:* ;:A" r* ' ? 

Jjncmoriea' th« corrospondijig constants ®'j-l*3* 

For tlw purpoao or inatruction EA or KA on invostigotion io made whether the 

5 

T coneidered boundary ie a spherical or a plane area. According to this Instruction 
the expression 

iRjl - C . (A.15) 







1 


is calculated. The value t is a positive constant given in such a >ay that it is 
smaller than the radius of any of the given spherical areas. For any spherical area, 
therefore, tne expression (A.15) ccbos out positive, whUe for any plane area, where 
wo always have Rj ■ 0 (c.f. paragraph U.12), it comes out negative. 

If the problem concerns a sphere, the group of instructions F is valid. These 
instructions are based on the first two constants of the boundaries and on all of 
the consta.nts of the straight lines (stored in the respective memories). The cal- 
culated parameter is stored in memory h7 (concretely A27). The instructions of 
group F serve for calculating according to the procedure described in the first part 
of paragraph /,.2. If the problem concerns a plane, the instructional group G is 
valid. The latter is based on the same kind of calculating information as group F, 

. and is intended for equivalent information, whose results are stored in the same 
memories as group F. The calculation is carried out in the manner described in 

' paragraph 4*3 for planes# 

S V.-1 The instructional group H, which is common to spheres and planes, starts with 
‘ a Iqiown constant of the straight line and a known parameter of the intersection, 

stored in the respective memories. This value serves for calculating the coordinate 
' ^ of the intersections *j.3* resultant coordinate replaces the given 

-(constant 3Cj_l.2» *j-1.3» ^ longer needed. The instructions of 

•' -(this group serve for the calculating procedure according to eq.(A<2}. 

•'i The further calculating procedure in turn depends on the second area. It is 
idetenained by instruction KA. If the problem concerns a sphere, instructional group 
-L iB-validi which, with a coordinate of the points x^.Zt Xj,3 o** 

STAT 


.64 



Declassified in Part - Sanitized Copy Approved for Release 2012/1 1/20 : 








Declassified in Part - Sanitized Copy Approved for Release 2012/1 1/20 : CIA-RDP81-01043R001400020002-i 







w^M^' ■ 

i* I ► V* I*.'" * • 









^Zrr'^vwi constant of ths area Bj, sj.i. dotennines tho components of tho unifom vec- 
J-tor-ta the corcal, and la stored in secories hlO, hll, hl2 (concretely 430, 431, 

'■ :j 432).- Proceed according to oq.(4.3). If the problem concerns a plane, the unifom 
"J vector to the nomal is knovn in advance. Instmctional group M in this case only 
' ‘ stores the knovn vectors (1, 0, O) in the corresponding memories, vhich require a 

- vector nj = (nj.i, nj.j* "j.3^‘ 

The further procedure is cocnon to spheres and planes. Instructional group 1. 

. is employed. The latter la based on a knovn unifom directional vector a^-^^ of the 
ray before refraction, a unifom vector to the normal n^, and a knovn mutual index 
of refraction Bj. m of the values are already stored in the memories. In this 
; procedure, tho unifom direction^ vector = (aj.i, a..2, aj.3) of the ray after 
refraction is determined according to the second part of paragraph 4.2. There vec- 
■ ■ tors replace the given directional vectors aj-^ in the corresponding memories. 

This completes the description of the part of the instructional network solving 

problem I. 
i^elB. Problem II 

Cavon is the entire optical system with its constants Ri, si.i. Hi; R2, 32.1. 

■ “112; •••; Rm* »».l, Km- Given also is the entering ray vith its constants ao.l, ao.2, 

■ “0.3 “ ^.1 ’ ’^•2' 

! To bo calculated are the tvo coordinates ^.3 points in -he focal 

- " plane vhere the ray hits after passing through the optical system . 

' T Problem 11 is solved vith the part of tho instructional network B4 to OC to- 
^ -igether vith instructions PA and PB. Tho constants of the optical system are stored 
:'.in mmories pO, pi, p2, ... (concretely 500, 501, 502, ...). The constants of the 

2, .0.2. -0.3 *” “> “• 


•1 


-U-The-first coordinate point in the focal plane is denoted " Sm.l* 


J .... 


65 
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M 




W'l? • 

'I'i A.^" r_ 




w?i, 450, 451)*^. 




[ Th© r«?nJltant values are perrorated into the cards by the machine. 

I In order to be able to ueo the part of the instructional notvork solving prob- 
\ lea I, it is necessary to be able to filli the required memories. Wo begin with the 

E ; 

1 first boxindery, so that in mesiories nO, nl, n2, (concretely 46O, 46I, 462) must be 
i stored the constants ^i^ip These, together with the remaining constants of 
the system are stored in memories pO, pi, p2, ••• (concretely 500, 501, 502, .#.). 
The instructions leading to transmission of the constants are: 

DA *' ^0 . . 

DB pV - (» . «I ‘ . 

JA />*^ • ' • 

Moreover, it is necessary to replace, at least, in memories n3 to nlO (con- 
cretely 463 to 470), the constants of the entering ray by the constants of the 
. incidence of the ray at the boundary* These values are stored in memories kl, k2, 


..mO, ml. 






[ ■!.».> i 

L^"*' 1 


feiv?; ■ 

- . 


m 


yM--/ M 




We therefore also give instructional group B by which this is acconplished. 

^ f 

According to these given instructions, the machine crust begin by solving prob- 

r» * 

~ Icm I for the first boundary. The constants of the ray after refraction, calculated 

— as results, form the basis for the solution of problem I for the second boundary. 

3:^' 

— The machine is provided directly with the corresponding memories. In order to be 

— able to begin with the solution of problem I for the second boundary, also the con- 

— stants R2, »2.1^ ^2 stored in place of the constants of the first boundary. 

— I This is accongjlished with iheiructions DA, DB, JA, as eoqplained above, except 

— ^that the corresponding addresses are suitably changed. Since the contents of mem- 

4C' — 3 

—Rories pO, pi, p2, p3, are full, it is necessary in each of the instructions to 


The values a^ y reserved for particular memories, because 

•}■_ ; . 








STAT 
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tel'- 




le. 




11 ^^- 



^ITawffwnt the rOBpectiVo'addreas by throB. ' 

'""j ‘ This change Is accocpHshed bj the instructions of group 0, of »d»ich we. cite 


the first: 

" ; ex 



r.’5</).4 - l - <j\» -* ! I>A I .*•) . * 

'l This instruction as changed by instruction DA is as follows: 

■; DA :;/»:i ' •• ^0'; » ,#il» ■ . 

Similarly, instructions OB and OC are transfonied by Instructions DB and JA. 

After this, instructions DA, DD, and JA can be properly used for solving prob- 
Icm I for the second boundary, etc. 

The process is repeated until the ray reaches the focal piano. Then the neg- 
ative sign of the constant (c.f. paragraph !;.U) produces the effect that the 
■ result of the operation according to instruction JA cones out negative (a negative 
■ nucber is regarded as zero). Then in second address of the further procedure, 

i.e., PA is valid. The cachine does not further calculate the direction of the ray, 
: but perforates the card with the coordinates of the ray, which are already the re- 
^ quired results. 

As can be seen, in the nonent when the rachine finishes problem II, the in- 
■ structions DA, DB, JA are changed. If the machine returns later to the solution of 
I problem U, these instnictions must always be brought back to the original state. 

‘ I, In every calculation of problem H this is done according to instructions CA, CB, 

“cc. 

I This ccB 5 )lotes the description of the part of the instruction network solving 


.problem II# 




soJ 


7f.l9. Problem HI 

Given is the whole optical system with its constants %, si.i , Hi*. Ba* 82.1» 


S2.-» Instruction OA means: Start with the second word of instruction DA, to whose 


third-part- (i.o., to the address for %), add the content of memory glO (i.e., the 
i«saber--3)r-8o that- the changed word replaces the original word. 

. ^ 7 .. 


STAT 
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• • • • i 

4 .f« a* arto-0. To bo solved is problm II for 28 points selected 

conaUnts-dQ^^, Sq.z* “0.3 

in suecosrion after the starting point Xq ss Xo. 2» *0.3^ according to 

4 sTstom described in paragraph /..h. 

Ptoii- m i. "i''”' ”” 

" pro«.= n b, th. imtn-otl... «A, RA. RR. RA. *n »R A- Ri- '"‘A... 

:rt.«d i. th. .-.n.. “ t« R~“« 

^ th. .wrtlnh pout (t.... 1. ... .1). th. .~r<,l»t.. .t thi. point .f 

th. Itttlt. in RlfA-3 ”” “■ “ “ 

points (0, 3A» 3^)* 

Thl. m -t th. ..ndltl... n«d«. t. h.,l» th. ..l.tl.. .P pr.hl= H 

for this point. 

tPt.r «lt or th. (1th l...~.tlon. RA, PB), th. .olutlon or p,.bl» 

n «.i b. r«.»t«i ror th. r«th«- p.i.t. .r th. utti... m or th. oh»£. 
i„ th. po.ltlon or th. .ttitnv! P«l»t, i™tm.tl.p OA 1. ".1. -hloh .!»£.. ». 
thll ooo.di™t. bp A. Th.n It 1. po..lbl. to n.t™ to ln.t„o.lon BA. IP m mp 

: problm n > 0,3 - 0. th. r.mlt ot op.mtl.n M o~.. o«t n.jatl.. (w trll to cr... 

A. I In this case it is again necessary to 

the left edge of the lattice in Figoito;* 

pat xo , • 3A (return to the right edge of tho lattice, and to change X 0.2 by 6. 

^ , e» . RAfnre si 


— piiT* ^ 3 - . . 

-These t>« steps are accomplished according to instructions RA and SA. Before s 

* . . A J r»Tj\ «.A< Vi AV* 


~ inesu wwv — • 

rir* to «»mt. th. l«.t.tctl.n SA, h^m.r. It 1. tril (in.tnr.tl.. RB) llh.r 
" :tnn»8r..1.n or th. l...r U. •' th. Mtlo. 1. mip to ooenr. Pnrhlm ID !• 

’ -U™., »d th. mmlt .r th. ....nuns t. .» .h~. th.t r»th.r m...tl.. 

' "i.! ln.tm«lon SI -id h. .tt.ndl bp tn».sr.,.l.n .P th. l.-r K- o* tb. Idt- 

40 J 


— ;tiCO* 


t 

— j * 

Problem IV„ 


MrJ oi.„ J.-.b. mtlr. optima itb «• =.»*»« .. bi.r.. tt b. »lv1 

tOt.T-,llm-m-r.r .a or ». dl>.rtlon. do 0' «“ ^ ““ 
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aw »1«., q, i. aw~ 0 t.rl.tio of th. o.n.ld.rai dirtotloq. 

froia« lY lo oolvod th. .ntlr.; <l..orlb.d iMtn.otl.iwl “““ 

j inst'nictiona VA, VB arc diarogarded). i 

111 or th. sl»«> "l.'. or. otored 1 » th. mm. WMoorl.. .0 In pw>.l<» HI, but 

' th. o.n,thnt. . 0 . 1 , .O.I. 6^"™ 

„t. Thw onwt tirol b. ohloulatod tnw th. TOlu.s Pj aW dj. Th. oon.Unt p^ 1. 

_ ,t.r.d m dO. Tb. ™lu. 1. in Mwonr bO, aw 1. .t th. ..dlnnind .qu^ 

^to five. 

: Th. iMtn.otl.M .1 dwop A .H.ot, .n th. ... hMd. th. .ntraw. .T th. vulu. 

"Z,J, Md..» th. .thw hMd th. naoulotl.. .md o.m.ot .t.Ms. .f th. Ml... 

' ■ " *°’"’Thi. 1. th. b.sinnl.d r.r th. ..l.tl.n .1 prublM HI I.r th. flr.t dlrooti.n. 

'• - irtor thl. pruhlM ho. b... ..lum, lMtn.oti.n TA 1. ^Hd. Th. pap... .1 thl. 

' iMtruotl.n 1. t. roooh th. .t.t. W..r. tb. vulu.. 3d, 3d or. in uewrt.o ~>, 

' “ Thl. 1. n.o...un in .rd.r 1. b. ubl. .8»in t. Mein th. ..lutlnn .f prubl- IH 
'■->T.r th. n«t dir.oti.h. Th. ohunq. in th. dlrooti.n 1. trial -ith inotniotl.. UA 
'ribl olwngins th. vulu. qj bl unitp. Th«. it i. pdooibl. t. r.tuM t. iMtruoU.n AA. 
' r.p„bl<w H i. 0 <.q.l.tdj ..ivod WiM ut awoutlon .1 inutnioti.. UA 2 thi. luttM 

^ -coaeB'out negative. Then the cachlne stops. 

BPTPArVs on Instroc tions VA and YB 

4 •.q Th... ln.truotl.M .K.ot thut ut thi adt th. roMltimt OMrdlnut. 1. p.rt.- 

&t. th. ourd ln» .-.n «H. Thl. 1. MOh u lurq. nuWwr thut it oauwt bo 
40Zi„g>rd.d .. th. oMpdlnut. of th. point in th. t.o.1 pUn., Th. pr...h.. .1 thi. 
iMnwhor 1. th. outd indio.t.. thut th. o.nild.rai nwr did nut r»oh th. fooul plnn.. 


id.-ThaM»t«^.' »»»T «H •»« b. roplMOOd in th. iMtnwti.. notMW I.r-.till 




STAT 


1 -a:-..- . - V 
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‘iiiSS 


^ ixiitructiona of group V'aro valid vhonevor any of the four '^ses occur inVniioncd 

2 

paragraphs h.6, k*Qp 4.10 oud 4* 11. 

The case of paragraph 4*6 occurs idien the result of operation IJV cocnoa out nega- 
^ ^^tive. In the case of paragraph 4*8^ the result of operation FE cones out negative. 

^"Ilhe case of paragraph 4.10 occurs when the result of operation F2 or GA cones out 
' Z negative. In the case of paragraph 4*11 the result of operation HL cones out ncga- 

X J 

tive. 

This coiq>letes the description of the entire instructional network. 


1 ' 




^ The preparation of such an instructional network requires considerable effort, 

but it must be remesabered that the work is rather permanent and that the network can 
be used for investigatii^g any centered optical systen:*. Before beginning the solu- 
tion of the problem, the information has been stored in the memories of the machines, 
- where not only the constants but also the entire instructional network is perforated 
into cards. The entire batch of these cards is kept after the solution of the prob- 
lem. If the same problem comes up later for another centered optical system, all 
■ that is necessary is to exchange in the corresponding batch of cards those contain- 
Ting the constants of the old system with those containing the constants of the new 
: system. The entire batch is placed into the machine , and the machine can be 

started* 

•r” The cards with the results coaie out of the Eachlne in the following order: 

‘I^^^The first card contains perforated the constant q2 " denoting the coasaon entering 


4 ^ Hero we have only systems with spherical or piano boundaries. However, it should 

noted that it is always possible to prepare the instructional network in such a 
S^way that it can also be used for systems containing, for eoample, also paraboloid 
^-^-botmdaries.- 

56^^Hfe«Evon-r©g&rdles8 of the sequenoo of the cards in the batch* 


1 '1 

STAT, 
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•? «» «... r.1. 

‘A,„ «« ««• "»• “” .t th. c.n.ld.r.^ di 

" J „1.. «, id i»' ■““ °^7.«rtldS Pdi”" “ "'•'••’■ *”“ 

'-1 ration 1. Si-™ W tl>. °' ,^.t «. v.!”.* 

' ■ ■ „,rt 56 «rd. l»loN! w “ ^ 

^ «U0. id. «i.» ^ 

^ „„uidid. «• «.”!« «.« '■ 

' - .. t- - » --.d. -« « «»ii. - - “ “• 

’■-- „ d.ds.r .i “• 

’ ' W. idd id'*''" 


' •' ' .,-‘- 




imiSv- 


1 


^^te, 5 aBfe« 
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Problem: Optical System 



. . . Entering 

Addroas | InTormation 

0420 0102 S 
0422 0102 042 1 _ 

!1 0 104 ,V 
17 01 04 0407 
0420JOU)^N 

0421 0100 0420 
0421 Olio .V 
04 70 01 10 O *T0 

Olio P 1 0420 0U2 A’ 

I 

0113 P 1 0«7 0114 04^7 

0114 1 1 0420 Olltt SM 


Altering 

Information 


Pago 3. 


BesarKs 


onr> : p ! 

Olio p ' 0^2* ®i2o /' 

0117 0*34 0120 <1420 

„,.»0 V I Olrl!!':-* 

0121 ‘ OUM 0122 0434_ 

01 i JH— 0124 .V Jf 

0123 1 P I 0422 0130 0103 

0|i4 ! I 0421 0120 .V 

^123 i P ‘ 013^ 

0120 ! P j ^ „ 

0127 ^ 1 042^^ 011 0 0414 

0130 i I 0132 

nnti \ V 1 0460 0132 0000 


. 0130 1 0420 0132 _j 

0131 i P 0460 0j2-_000^ 

0132 ! P 04^ 0134 U’r;5 

”oi33 I 9iii 

0134 I p ^ 

*”oj35 17 * . -- - 

0136 I ^ '0420 014<)^[^ j 

\ 0137 It 


Fig. A*16 
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Problota: Optical Syatco 


Hodel 2 


^ Address 

I ol4« ! y 



oUl ^ 


0143 i y 


EntorlB? 

Infornation 


Altered 

Infoitation 


Eesarks 


0143 y 
U14S i y 


0151 . V 


\ 015:* 

in: 1 

0153 


04i7 OH? 

0405 0^ Olio 

0420 0144 S 

0127 0U4 0403 
0400 0140 >• 

«U20 0140 0400 
ni’*0 0450 A* 

0427 0150 0454 
0407 

IM20 0152 0457 
0420 0154 .V 
m27 0154 0455 


0154 - r ^ W70 0155 


0156 

I JA I 

' 0157 I* 


0420 0155 0IJ4» 
0462 0150 N 
0004^0270 j- 
0420 0162 JSM 


0000 0270 0502 «tc 


0161 I y I 0460 0172 


0162 1 I* j 0420 01 64 SM j 

i 1 ^ 

0154 , r * 043 0 _ 

^^65 i t 0460 0166 0420 ! 

_2i W31 0170 i> . I 

0167 y \ 0460 0170 ^ 

J* ’ 0432 0200 if , _ 

~0I71 ! ~ ! 0400 0200 0470 


0154 , 1^ . 

0155 i t 


0173 I y \ 


0176 l‘ 


0430 0174 S 
0000 0174 0001 _ 

0431 0176 6* 
0000 0176 00 00 
0432 0200 S 
0000 0200 0000 


Fig. A.l? 
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-4— — cHAKrai V _ : 

4_J- ■ 

SOLUTION OP eONVEUTIOHAL DIFFEREt.TIAt EQUATIONS OF THE 2HD ORES 

6 .] 

_l WITH THE AUTOAtIC CALCUUTOR 

r.._j 

1C — j Tho following solutions of concrete probleas by means of the coTtputer aro so- 

——4 

I,' lected from the field of conventional differential equations* There airo two such 
w probleiaa: 

• ^ 1* Investigation on a very siisple example of the forsailation of the instruc- 

ii tional network for the solution of a lifferential equation; 

2* Ascertaiieent of nodifications enabling cmployaert of proposed instruct ior.al 
network for another automatic cilculation* 

: ' Purposely selected was a very simple example in order to avoid difficultioa in 

grasping the essential matter* The solution is obtained by a more c<s:plicated 
' sothod which can be readily applied to very complicated systems of differential 
" — equations. 

Let us examine the solution of the equation: 

34„ 

~ S - ^va-) •• nn . 


^ •) 


A- 3 

Is-Jl 4 .r-f ^ Sj'r; 

? v-v" -V - 




mw 

04 ^ 'V.*» «£. 


•> i- - vdiere 

4T.J 


f\{x) ^ «,a 4 i I A* rti , /(/) =:t — — 

Cit* -f c,f -f c. 


satisfying the starting conditions 


X - X ^ 
^ dt 


for t = t 
o o 


It is additionally assumed that the sought integral curve does not approach any of 



singular points 

of this 

54- 

systems: 


J 

5 SJ_- 







% v^^r' 

r. ’’S-, P"'' 
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-^. . , . .. _ APPLICATION or Tits jpnop 

5*1 Runj^o-Kutta^a Method 

For tho dolutioDi tho Run^c-Kut'tft tcoj^hod^ Is used becauso it roquiros a 'fHiry 
email, number of neaorlos for the machine. In view of the eimpHcity of thie case, 
this circumitanco is rather unimportant since scarcely 10% of the neaory capacity 
of tho tnachine is utilized. A deficiency of memories manifests itself in the use 
of oysteifs having a very largo number of differential equations. 

We select the corresponding increnont h independent of the variation in t, 
and, beginning with tho given initial conditions v^, x^, t^ (denoted t^^) 

we first calculate 


and fron this we calculate 


i-.. [/Vx..) /(/„)J . A 

“ *-\o • ^ * 


= r/’>(x„) ( /(/„)] . A 

^11 — ^it • h 




With the help of these values we determine 

+ /(/„)] . A 

?<« = . A 


x,.=,x«+^. = 


and finally 


/|jl Bat ^ 


y ^Ra^Hrd and Pr actice of guaerical Calcu^tion 


i .*-x ^ ■ 
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r/ lL-r,; 

;;;iS 

IS^teli35 ' "" 

’'y, " *■ 



APPLICATION OP TJtE ^ETH0D 


5*1 RunjTq-KuttAta K^sthod 


Pot 'thd BoXutlon^ tfVio Run^CoKut'tA la uaod bccAuao it rc<jiiir6s ql very 

_* amoll. nunsber or neaorioo for the sachine. In view of the airaplicity of thla caae, 
J thla circunatance is rather unimportant since scarcely 10^ of the rcenory capacity 
of the irachine is utilised, A deficiency of ncrjorlee manifoota itself in the use 
. of aysterps having a very largo r.uriber of differential equations. 

We select the corresponding increnont h independent of the variation in t, 

^ and, beginning vith the given initial conditions v^, x^, (denoted v^^, t^^). 


, wo first calculate 


and fron this we calculate 


*•.. - r /(/„)] . A . 

I, a ■-=■ r,, . A , 


^•<1 = ■} /(/„)]. A 

III — Pii . A 








On = »(» + 




With the help of these values we determine 

*/«= [/.(X,,) + /«„)]. 4 

*« = »«. A 


4 4. J where 


-J ar4 fijially’ 
50^‘ , 

52:3 * 

Sii J ’ ' ' " - 




*o='[i*,{Xtt)+/tta)j.A 

*a •=«»«. A 


- ^ ! 

56 I * Lajs ka^Hruska, Theo ry and Practice of Nuaorlcal Calculation 
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-|jjV=’^:', --•-- ■■■ 


3 whor 

*"_] ^'U’thsr Intojyal pointo of tho curve are then given by 

"d '*'+'■* “ •’" + + 2i-„ + 2i-„ + kn ) , 

If!— i -f-tl'" •T.ii -f }(/„ + 2/„ -t- 1’/,. f / J , /, ,, 

+ f|o 'P h . * * 

I „ 

UsLng these values as tho new startir.f conditions, we obtain by the further 
f • stops of the Rungo-Kutta aothod the new integral points of the curv-e. This pro- 
_ cedure is constantly repeated. Since the caculation of the expressions for 


' + X*#t • X, 


•'ij' 


where 


VT* K f ^ ^ . i 

fe tt. \ 10^, . . 

‘^ar> 




If 

5vi' O si.* » 


J « 0, 1, 2, 3 

is the saae, it can be carried out with the same part of tho instructional network, 
-.jit is sufficient if we are only concerned with the exchange of the nunbers 

j^iy Hj ^i,j+l* ^,J‘*'l' ^i,J+l* ^ instructional network it 

-.will then be possible to establish the further operations, nanely, the calculation 

' *fl,0> ^i + 1^0' ^i ^ 1,0 to eq. ( 5 . 5 ), Such a network, however, 

~ would contain a relatively large nuabor of instructions, and hence would require a 
-large nuirfjer of memories for storage of the intemediate results l^^j, Tnis 
-.increased demand on the memories would, of course, be a matter of indifference 
rwlth thxs very simple system, but in tho solution of systems with a large nuicber of 
i c^JQ^tions a deficiency of memories might occur. 

j5*2 Modification of the Runge~Kutta Method 

reformulate the instructioiial network more economically, 
roquirod to calculate equations (5.1), (5.2), (5.3), (5.0 with the 
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~ part of the instructional network. In the calculation, the nunbere ^y 

_ ^ij exchanged; We aeeume thab^ for facni bating the calculation of the firat 
_ two equations of (5# 5), it is necessary to add some further Instructions, i.o., 

^ apparently seven* We multiply in (5.1), (5*2), (5*5), (5*4) instead of the number h 
-I the nuiBbers h/6, h/3, h/3, h/6, by which we get on the left side ^^^6, k^/3, 

- These need only be added Instead of for getting the desired 

^1 + 1.0* addition is carried out in such a way that at the end of the in- 

.. structicn network, according to which ♦ 1 i» calculated, the instruction which 
retains this value is added. Between the iixiividual calcidatlons the starting 
“ values ^ and 5 •*. 2 ^ must also be calculated with the help of for 

. further calculation. Exactly the same considerations apply to and x^<. 

•- HBCHAJ;iCAL SOUiTION 0? PROBLS^B 

5*3 Draft of the Instructional Network in General Fi — 


Before beginning to solve the problem, the necessary constants and starting 

— k 1 

values ^ 2,0 stored in the machine in the corresponding memories. 

’ -..These correspond to the tabulation for the calculation of the fora. We carry out 
-*~ Jthe calculation for J •** 0, and in the groups of instructions A and B we calculate 

manner of constructing the instructional network for the 
-calculation of these expressions need not be described here, since the nva thematic Ian 
will already be sufficiently familiar with this. 

' ’ Instruction CA has the form of the groups of instruc- 

* ' --tlons D we calculate 


-jp — H /(^o)] 7o t 4- 


The group of instructions E gives 







\ 
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I j’-j- 
i®:;.y^- 


®I] ijiS. wo ‘im*t carry out the 'calcuiiuon for j - X. For the caicuXation of the 
' ifemuvft mat Ubulate the now valuoa. For the calculation by nachina thia la 


I! carried out with the inatructiona of KTOup T. We come to Inatructlon PA, which 


lU - 


' J Increaae. the address of the instruction by 2. ms estabUahe. the instruction by 
7; which the calculation is repeated. As seor. as this instruction Is reached for the 


r, second tlaso, the machine la procoedinR alonf, the path J " 2. In the proup of in- 


structions beginning with TA - 3, this is exchanped for and i 


for qi - -it . In the proup of instructions bepinninp with TC. the values change 



tinue to calculate 


^ • A'.iH'/. • {«•.. : t) T 


A 

3 




L M-u/ii 


r„ = J„ >«i 


■ 3 ' 


«•„ -i- III, . 


Kext we carry out the tabulation with instruction TS along the path j " 2, in 
\rt,ich =1 " Y exchanged for Oj^ - 3. Regardless of the variable it remains ur. 

changed, bocauae 

and continue until in the group of Instructions 3 


+ is. . We cast therefore repeat the calculation of f(t) 
iO 2 






/i? = 




3 

^ 4- tit, 


hf 


(■ 


■fia ■ 


. t.o . . t.. ,, ^ * 

IT T) + T • ’'• 3 

is iu) -i- is . 

« • 3 I 3 


:$ 


Vn ' ' **10 • 




j In the ftirthcr calculation wo exchange in inotruction TK ^ % 6 

'change the values regardless of the variables in the group of instructions begin- 

ning id.th TXJ „ 
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I • ** 




:V-. 


iSi^^sSs^: 

^aSjSSSSiSvSsSr'S^^ 


■ . ta |/’j(Ai) + /u<()l <h • ^ ^ ''•*'■• • 

7,- - ••«7. . •■ -fl 1- -»■ + T/ + ¥ • ■"•*••" • 

I 

The group of inatructlono boginning with TG furnishes the coamande for perfor- 
ating the numbers ^ 1.0> + 1.0' tabulates them 

as the starting values for the next step of the Rungo-hutta method* Thus the 
: actual induction from i to i + 1 is obtained. The group of instructions beginning 
‘ vith TCfj however, must still correct the address the instruction PA b 7 which the 
Instruction is sot for the continuation in such a way that the laachine continues 
J alor*g the path j - 1 when instruction PA comes up again. Since the solution of the 
equation is of interest to us in the particular range (t^, t^^), included in this 
- group is instruction 1!^, by which the sign of the difference t^^ - t^ is ascer- 
tained. As soon as It comes out positive, the nvachine has reached the linit of the 
range in which wo are iiisterested, and it; stops* 

The whole calculation proceeding in the machine may be briefly stated in the 
form of the following equations: 


$ 1-1 
"to + S’"'* ” 

it—Q 0 

$ /-I 

t»»9 

=* ^{9 + 

Vofil « Vi9 


Before each calculation, it is necessary to replace in the corresponding mom- 
ories-the rmabere by the numbers' q^iaj according to the tabulation in - 
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g^ll •■ ••" • ,_^ 

^TT: — r: .»: +4^*. aA^. for 1 - O. l. 2. 3. Tho developed | 


?A“y^ 

jgfT?? 

m^ 


r ~ , ' -■ -V', 


11? 


I#?;'?- 

|S>5v-:- . 


liS^^ ' 


■\ 


1^5) ^ 

i.‘*!'^^“S^.,l ^’r<5l 



‘»'u1:.-'.-;;-S 


— i Fi^«5#l« This is repeated four times, i#o#, for J •■ 0, 1# 2, 3# The developed 
’ ZidUgraa.of th» inutructionU network is represented In Fig. 5.2. The proposed in- 

"'dstructiorja network in a general fora Is presented in Pica. 5. 3, 5.4, and 5.5. 

6 ‘ 


i 1 0 

1 

* 

3 


k 

A 

k 

n : '8 

V 

■f 

“g 

mj , 3 

1 

i ’ 

" ; 


U . 


ng.5.1 


For better orientation It may bo 
interesting to note that the calculation 
of this equation in 50 steps took about 
half &n hour. As already mentioned in 
the be/?lnninr, we used the Rur^c-Kutta 
inethod In this case only for didactic 
reasons. If it had been the purpose 
to obtain the solution in the shortest 


- possible tine, a nethod of differentiation requiring a larger njrber of nenories 
'-would have been selected. In this way the tine required for calculating the sane 
nunber of steps would have been reduced to about a third. 

g|r-anT, it nay be intorestirg to note that recently a special method has 
-been established for solving differential equations with the autoaatic computer*. 

- It is also based or, the Runge-Kutta method, and the calculauior. requires a., even 

number of memories than for the Runge-Kutta method as It has been employed 

“here. 


40. 


5<j^ 


j» G^***^! A procega for tho stop-by atop ^togration of dtfforential equations ^ on 


atrt^tlo digiUl emputing machine 


?5 
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r.L.Ui-LU 


ii.;’ 


'll. 


'it i 


Index”! Operational SyrOjol + 


6j#ii + ^ 

+ *• “* *^ 
(«»!« + e,) lu 




. 0 - <o> 

I - <l> I 
t I, •• <P*/ 

I r, -<!>*> , 

r. -<P*> 

1 r. -<P«> • 

* X, *<pl> 

’ X, - <pl> ' 

! X. ••<p 3 > : 

* 6, .<Tn> 

I 

I c, - <“’**> 

. e, 

tu «<P’> 

’ 

, «• <**> 

} - <«*> 

: P, -<*2> 

i P« ’ 

I g^ - 

( /(O - <**> 

1 Oj »- <“••> 

1 o, « <««> 

) o, - <«-3> 

' a, - <**^> 

<*•> 

«r» 

P. - <*»> 


#, - <P7> 
r, -♦ <!»*> 
r, - v>3> 
r, -* <J^> 
x,-<pl> 

X,-* 

X,- "p3) 

6, - <«■»*> 

.* <«d*> 

<irn> . <p*/ < 

<:l> 4<t<-lS>“*< 

<irU> . <p7> — < 


<;J> H* <«t3> ”• ^ 
<j|> 1 <s3> * 

(I, -♦ <*el> 

dg — 

II# -♦ <‘*‘3/ 

rt4 -*<«'*> 

:jti> . <«r!>'*C 

<»l> <«3>-»' < 

<«l> . <p3> — < 





I 
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CI[A[>T®1 6’ 


fROCsssnro OF pa?Pca.\TSD cards 

OPSftATIOM WITH SSRitfiATSD CARDS 




^ In contrast to the autonatlc calcjlator, which procosses n.t;sbers anl instruc- 
tions artitocaaticallv, the raachin© enplovln#?: perforated cards processws a\itorttaticall7 
only the numbers perforated in the perforated cards. The instrtictions nuat be set 
in the machine by the operator, i.e., a person nwst operate the machine. 

Per f orated Cards 

For carculatinp: purposes we distir.i^itsh between instruction cards, which con— 

_ tain as written symbols the instructions for the operator (Fi/;.6.l) and number card§ 




...... ^ ^ 

. . : i jl: : j . . : : : : : i " i ; : j : : r. 


; ; ; ; ; 32 ; ; y >:\ : ; 3 ? ; ; ; ; 3a ; ; ; ; ; : ; : 

* X (53);:; ; ;(2?’) x 03);;;<s) ; ; ; ; 

; ^ : x *. *. ^ i \ ! i ^ : ; ; ; 




. I . . .1 . . ^ . - . . • 

>t n I* <« «• I* »« <• M » MU «• M M a 


Fig. 6.1 - Instr^iction CarNd for Set 3 




„_on which the nunbers entering Into the operations arc designated according to a 
^particular code (Fig*6.2). For both the instruction card and the nuirber cards, 

^..preprinted, ninety-column perforating cards are used. As a rule, standard cards 

4? i - 

—are used, for operations with standard numbers. The mode of operation with standard 
5()_! , ' : 

—[cards- does not differ from that with ordinary cards. The standard card is purposely 

5/i— I 

divided by linea (designated by ruling in Figs. 6.1 and 6.2) into ten number fields 

54 J IX ■ - ' - 

— jof eight columns each; 1 to 8, 9 to 16, •••, 78 to 85* Columns iltl to 45 and 86 


4>j-< ;v.f- • » 


7 ' \ ^ ■ 


Declassified in Part - Sanitized Copy Approved for Release 2012/1 1/20 : CIA-RDP81-01043R001400020002-8 













S£'5;^^.?4' . . 

^Slt'' "■ 

- i- 




H, ^ ,» - - •'»- '"*- “' “^:tT.. 

coo«,'up repeatedly or very frequently. Hvery field of the -.Undar<l car^^^ 

^_i oerial hurier, and can be filled with a etandard n^uaber. vhlch i» compose 

.J sign and 7 digits# 

' ' / .^QC. . ^ri I 0691 5<i.0.5aa 5 7*;. 0.9 5 5_$2tii04|0}^;_-^.9j^ 

! r«rri • riTr.TTT# i .; [r i ; . . ■ ;; ;;;: ;T t:;: s i .* : 

: j :'j » 


I riTr;*! i.i •••*•'*'''••.■ .1, 1 •;:•!!.!! 1 •’ ! 

•; : ! : ! !;:i: : : ! Ul':; ; ;;;•;;*. «•••:- ‘i! ! *! : : 

rTT¥*it i;i i s n»i iii«- ••• • ••• .’,... .j. .....* :i> j « j# 

. T nc.6.2 - ^!®ber Oard of Ir.dex 101 (Celunns t3 to 1.5), 3et 3 (90 Coluians). 

, ''T *-,- f '1 'e '•^'ordlr p to 

With the card vere carried out operations .1 .o ... - .. 

. A 1 ^ (The title nuriers are actually 

the instruction caard (.-ifO-ll* '•- 

.* pnintcd on the card) 

=“- ““*"*■ r.. 

or » u.«uon .... i. -r. lo ne.6... ■» - rr... h.. o- -- J- 

-"2 :;.uoo r. .... ..... .. w « — - -“^7 : ;r ■ 

":; 0.,.™,. ... .^...« - “■ 'Jr...... 

"4 z ,u... ... - “• ■"■“ ’ rr 

SO- . ^toh enter into the operation. On the thir 

!J in ^ich the values are present which en 

in wnicn , Oft ♦« to! and on the fourth 

5S*“ ¥hts fiftld (tor example, 30 to 59; ana 

• line is the serial nuiiiber of the fleia vlot ^ , . 

iane le w __ _ .r^ A decimal point 


• -- line is the serial number or ^no v - ^ 

*56^1 11 





Declassified in Part - Sanitized Copy Approved for Release 2012/1 1/20 : CIA-RDP81-01043R001400020002-8 


STAT 











Piiffi: 







ZTiaT^aced in each of the designated fields. 

■'l|_^, ..The-sjsiQl ^ k? in the flxat row or Plg.6.1 neane: ''Arrange the eet of carda 1 
“I relatively to sot of cards 3 in such a way that the nth card of sot 3 foUows the 
J nth card of set It" The sycbol means: "Verify the afreement between the con- 

tent of field 30 and the content of field 31, and the correctness of the perforation 


at the jdace designated by the letter Kt" The symbol K means: "Verify the previous 
operation and the correctness of the perforation at the pUce designated by the 
letter KI" The symbol means: "Separate sot 1 from set 31" 0(n) means: "Per- 

forate before beginning t- calculate with the cards of the corresponding Index nl". 
Similarly D{W), 0(152) and D(S3) nears: "Perforate the number the value x„ 

Z the constants 1, 5, 2 ar4 the numbers of sot 31" 

The standard number card witt: ten number fields (Fig.6.2) corresponds to one 
1 row of the ten-column calculating fern (see Paragraph 1.2). Bach of the fields 
contains the sign in its first colamn. If the sign is positive it is without a 


I perforation in the first column; if it is. negative, there Is a perforation in the 

r first column at the place preprinted with In the second to the eighth columns 

i’ -- 



each of the fields is reser’ned for desltnating a seven-place number. The odd digits 
are designated by a perforation in the corresponding column, in some pUces by a 


-’preprinted pair of numbers. The upper digit of the preprinted pair is read (for 
'"I example, the perforation in the place of the preprinted pair ^ denotes the digit 7). 

... _ -t r\ 


Even digits are denoted by two perforations in the coVrosponding column. One of 


li these perfoi-ations is always together with a preprinted nine. In reading, the 
'"l! lower digit of the number pair is valid at the pUce where the upper one is perfor- 
Jated. Figure 6.2 shows an example of a nusber card with the titles given. The 
j numbers 1 to 90, which are printed below the lines denote the numbers of the col- 
umns. A decimal point defines the decimal jOace. 

' An IjiBtruotion card corresponds to an instruction row of thi calculating form. 


Accordingly, the Individual number cards correspond to the individual number rows 


102 


statI 


*>■ 4 ? 


. vf'i 4 S’- J « «... 
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_ — 

«7rrS3?» TTSt wra(» -J-II » .a:::'-!-^' • i- ^ » 
ff;.-*rj--.‘S ■ 7' v'<»7i73r~ •>*“■, ■*■- '--f 

II*" I 


V.. 


$'SWSi'-f$?n;r<-: 

fS#^' 


it;? 


th« form, and the numbor“rioldYof' iha' .ot of Yrd»“'«iYch^avo tho".Y 


oamd serial 


•^.nustoor correapond.to tho columna of tho form. Evory numbor card ia daaifinatcd by 
-j an Index (in Fig.6.2, for example, in columna U to 45), which corroapond. to tho 


...,| aerial number of the correapondlrut row of thn f-nr^ i i . . 

^ A pack of cards corresponding 


j to all Of the row of the first to the tenth column, of the calculating form la 
.. called a set. Since a row of the calculating form usually has more than 10 columna, 
, .. it la naceaaary to "lengthen-, the cards of set 1 with an additional card of set 2, • 

end, if necessary, with one of set 3. etc. {in Fig.6.2 the numbers of sets are 


-t designated tn coliunns 8? and 90). 


‘ Jjaeration with Card s and Operation with 

• = ■- To each set of number cards belongs one instruction card, 

- - According to the data on the instniction cards, the operation with the cards 

--and the operation with the numbers are carried out. The operation with the cards 

• la carried out with the classifier, and the operation with the numbers with the 
■ - perforator, the calculating perforator aisl the Ubulator. 

= -•3 In the operation with the cards, cccblnation and classification of tho number 

■-3 cards are employed. The operation of ccchlnation is used, for cxamplo. when one 
set of number card, is combined with the foUowing set in such a way that the 
first card of the second sot follows the first card of the first sot, the second 
card of the second set foUows the second card of the first set. etc. This conbi- 
nation is carried out with the classifier, for example, according to the perforated 


In the Index fields. In the arrangement of the cards, tho pack of cards 
•H formed by the combination of two sets, for example, must be reclassified into tho 


^'>1 first and tho second set. Also when tabulated value, of functions have to be cm-' 


ployed in the calculation, the "tabulatlcn" of the card, is carried out acc.ordlng 
to the argument of the corresponding sot of cards, and the corresponding functionali, 
l-vataes-are-ealwilated by intorpolSoion*. ' (For footnote, see next page)- - ' 


..m 








STAl 


I" 
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With the perforAtor, the initiaX VMlqetf the ir.dico3 of the tr^divldual card# « 

24 ■ ■ . 

perforated, into the card#. . . . . . 

4 ^ 

4 With the calculating perforator the following operationa arc carried out; 
a) Operations on the same cards (ng#6#3) 

aa) 14ultiplication of two nunbera perforated in any tvfo fields of the same 

1 0 

card and perforation of the result in any eaipty field of the same set. 


to > )t [ 12 1 

1 -.-. . 1 


S 

n 

< • < 

t 5 16 1 i 7 


1 

1 

r 





-H ^ 

25 i 26 27 , 20 29 


— 

2^J 

n 

29 

2 

— 


i 

1 




01.1,9* 1 W 1 i 2 

1 



T 

^TTT 

1 

1 

! 

1 

i 

! 

i 

j '1 !"'■ 

I. ! . 1 


Fig. 6. 3 - Operation on the Sane Card. Fig. 6. 4 - Operation from Card to Card. 

J^i ^ “ ’^i + 1 broken lines 

.) Instruction card with Instruction denote operations in the second *^un” 


J - i i 

-I a) Instruction card with Instruction 


H fordTield 12; b) Card No, (Index); 
-{ c) Sot No, 


of the laachine) 


SfiTl ,, because several h undre d c^ds we aiwy's processed at the same time 

I 

jm 
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^ ab) Additi^ ofTvo nuwbers perforated In any tvo fields of the sario card, an 
I.iwrroratloa of, tha, result In any aapty field of the same card. 

~ ac) nalsti« to the second power the nusiber perforated in any field, and per- 

J foration of the result in any empty field of the same card. 

"2 ad) Division of two nuntbors perforated in any two fields of the same card, 

7; and perforation of the result, 
b) Operations with card to card 

ba) Hultiplicatlor. of two numbers perforated ir. any two fields of an odd card, 
and perforation of the result in the next ever. card. 

bb) Addition of two numbers perforated in ar.y two fields of an odd card, and 

perforaAtior. of the result In tr.e next 


^00 1 Cl I 02 1 03 : 0^ t 


40,41 


J 

> n 

44 

^5j 46 

1 

48 

4 

49 5 

' 

/T^ 

SI 




4$Zj?ig.6*5 - Operation froa. Loading Card 
50 J to Trailing Cards* ^i * 


©von cari# 

be) HAlsir.g to the second power the 
mirijer perforated in any field of an odd 
, card, and perforatir.f: the result in the 
next eve.n card. 

For carrying out any one of opera- 
tions b), one expty card is placed in 
front of the pack. In this way an odd 
card is always next to an even card. At 
the next passage of the pack through the 
nvichino, the results arc also obtained 
on the originally even cards. 

c) Operations from leading Card 
to Trailing Card (Pig* 6* 5) 

‘ The leading card ia denoted by the 


psyforation pi-essnfc in the left edge between the upper and lower half of the card 
; (see Fig8.6.6 aM 6.7). The value perforated in this card is retained in the 
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^ -j of th« ijitwTOJdiato ro.llita'liwThTliSrtd'iii'M^ — 

•li'' ' ^ eaunberated operation# occur auteeaatlcaUor with reaped to the aisn 

The operation of the tabulator i# usuaUjr confined with the printing of the 
^ .J value# perforated into the card# and the Subtraction of the value# perfo7ated "into 
J the particular colucm. of the card (at the procesalng of the card# with the tabu- 
lator, the card colurm# are not divided into individual fields) with einultaneou. 

- printing of the suns, the Interaediate results, and the grand totals. 





Pig* 6. 10 - Perforator 


6*3 Perforator 


5 ,£l perforator is an oleetrlcally-drlvon mchine, which perforctea the initial 

52 I ^he conatants, the perforation of the leading card, etc. into 

of cards to be perforated with the Infonaation 
564J!f w Pfteted daU is placed into the feed magalin^^ith the 
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m 


1 ] 






l-^l 


« „k«x>.of_thaJsojd.oard, -th«, n«co«ary dlgii;,_«e th, corresponding, column 1 

^ type»friter, vrtiero the roU with the psper aovos during 

~ the typing or the letters end digits end ithe vrlting is obtained dir eotllr by press- 
- ing ihe character keys, the setting cerrlege of the perforator noves from the first 
^ to the 90 th ^ ..operating key" 1, pressed 








sgJa- - 












I " Fig *6 #11 — Classifier 

i. 

an of the set data ere perforated into the card, the card moves eutomatloany to 
the storage magazine, a^d the machine feeds the next lowest card. The set values 
resialn>tact. and the machine perforates; the cards at a rate of 5000 to 6000 cards 

per hour, or ths s et values are automatically caneeUed and the operator sets the 
new values for the next earts. . - 




a 




STAT 
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|S ~ “I '■ 
^''>'^! 1 






i^ : ■ - 




St 


■■'vK'^rv’Briflcitlon of.tho 'oorrsotrieB* of ' tSe'. p<itrXo«tiBg'’l» ■ obtained’. by, ropeating f? '^|''' ' 3s 

*l^tha_pflij:oratlng,„tha.,p«rXer»tion «ll^tl 3 i<iiBjaacedL(by..hall-..tho pocT-Otationl...- _.| 1 

Z This verlfl«d porforatod card than contatos only oval holos which can oasily bo | 

g • I I 

^ yerlXiod, even by eyesight.* 

10— 6.4 CI&BBlfier | 

IzZi The clABBtfior ie used for carrying out opera tlona with the cards. The pack | 

_i . ’ ' ■■ • I 

1 -' ..z of cards Is placed In the feed laagaaine in the saae way as in the perforator. The 

le—: feeder feeds the cards of the pack one by one from below to the machine at a rate » 

16 Z' of 24,000 cards per hour. Each card stops for a mesent under the feeler of the I 

iO carriage, where the colunn is determined according to which the card is to be 

2?Z classified, ar^ where the carriage will stop. According to the information con- 
Z* ^ tained in the determined colujsn, one of the thirteen*^ storage compartments opens. 

(Ten of these thirteen compartments correspond to the ten digits 0 to 9). The 
transporting roll coves the card to the open compartment into which it falls. 

Zt^ In this way, by one "pass” through t^e machine the pack of cards can be re- 

3c:.J sorted into as many batches as there are different kinds of information in one 

coluzan. If, for example, a pack is to bo reclassified consisting of two kinds of ^ 

i 1 

3c_J^sots, for exaaplo, set 14 and set 15 (whose number indices are designated in col- ^ 

35:— vmns 89 and 90), then the feeler of the carriage is set for column 90. The cards | 

40-J with the digit 4 perforated into column 90 falls into compartment 4, while the 
cards perforated with the digit 5 fsH into compartment 5* 

'i ’ The combining of cards is carried out in such a Way that the pack is first 

i 

4 S-4 -sorted according to the lowest index. 13^ cards are then again made up into a 

r 

4C-J.pack in such a way that the lower card is taken from compartment 0, then free 
SOnVebmpartaent 1, then from compartment 2, c^c., until finally fro© compartment 9. 

S2»— . » 

54 ^ » The classifie r .Js^^of course, also used for processing other types of cards, ’* 

Z which, how ever, is of ho interest to present purpose ^ . ^ 








HBH 
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r;:rr. 

load* the pack frcai below, , 

1 0 u .. - - “ X 

ord,r ,1«. >. ti.- -«.p»dli»d »■ ' 

..dn .t . - . »r -- - r« 








4 • ’ 

Hi ■ -•'=■'■- '•'■'■''"■ ■' - Calculatirfi Perforator 

- tH. d.l-» -itH »=»..lv.W W ». HUh.«. •»■ W »- 

‘H .«.«» ™ - odUd^d ... ...d “ “• “ 

‘5 J ^ ,^^eral dUferent oarV.a, the co=>bliiie£ is carried out in t e 

;d rrr:: ::h, « .. . d.... . .d. .. ..d^ 

^ marks correopoi^* 

“Z ■ ®* °°^ Hrdiw to th. ,™*.t P»d0»tl.e o^dlloo-d po,Jor.tl«_.-; 

«;& «^liaaiy^^cd8S5a^cc^ ^ 

s^ ^ ^ pofforaWs -the result into, the saae or.ittto:. the - - 


STAT 


- -- 1 'tr'fi. -- *„ J.* 
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next card.' The' operation, >fhioh io deacTjlbed above (Paragraph 6.2), is act by hand * 
^onithe - control board ot the^nachlno* -^Thd ^f iold to-be- perforated ia *aot on-the ^ • 
perorating part ot the movable perforator carriage. 

pack of caHs i» placed in the feed magazine in the aaao way ae with the 
! perforator or the classifier. The machine ie fed from below one by one card at 
I the rate of 6000 or 3000 cards per hour. The fed card stops for a moment under 
i one of the feelers where it is felt. An electric signal corresponding to the datum 
' on the card is transmitted to the control baord. ?ron here the signal is trans- 
i mittod only from the number field partic- 

ipating in the operation to the arith- 
metical unit* In a split second the 
arithsietical unit carries out the opera- 
tion aj',d sends the result via the control 
board to the setting electromagnet of the 
perforating part of the machine. Here the 
card is fed to the perforating part of the 
machine ar«d again stops. In the next 
moment the card is perforated with the 
datura sot by the electror^gnet on the 
perforator carriage. The perforated card 
is then placed in the file. 

The machine processes nurbers with 
regard to the sign. In the use of stand- 
ard numbers it carries out 6CXX) multipli— ' 

^ ' ; cations or additions of two 7-place num- 

-- pig.6.13 - Tabxilaior ; 

— ^ ; bers or 3000 divisions of two 7-place 



iiusbers per hour. Operating with single cards in succession, the rate of the ma- 
rl* cbdhe.„i8 .3000 operations per hour. 




Declassified in Part - Sanitized Copy Approved for Release 2012/1 1/20 : CIA-RDP81-01043R001400020002-8 









iV?^ i4-s’,;'r/'v"!'‘^"'r-'’ S 

rt5;;:»:>:>,t-'V'-.v.v:':<^.v. ,“ l 

- 

- ' 
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It 



^f .Every oporatioa ^Itt. vttriTied by-tho yerifyiiig opwAtlan- while. 

IJTOceasing the next card in the calculating perforator. Hultiplicatlon ia Verified* 

exchanging the factor a and by changing^ the order of one of the factors. This 

*"*! assures that the other parts of the nachiho participate in the verifying calcula- 
50 J 

i tion. The probability is cdnijnal that the sane error will occur in both the orig- 
inal and the verifying calculation in exactly the sane two different places of the 


14..J 


machine. Tha result of the verifying calculation ia not perforated in the card. 

^ ; The card with the verified result is, however, felt, and compared in the machine. 

. ' If the two results are in agreement, the machine perforates into the card above 

_ the verified result the words "perforation correct". The machine carries out this 

?:? - J 

—! verifying operation likewise at a rate of 6CXX5 operations per hour. 

2 t —4 

^ The verification of addition is carried out in such a way that in the second 
calculation the terms are added with the opposite signs. The machine therefore 
i operates with both terms filled up with nines with entirely different digits in 


— i 


30- 


3r 


— jthe same decimal place. Also in this case the probability is very small that an 

I] error in the machine will occur at the same decimal place of the corrected digits. 
34_j 

— ^The verified result is, however, perforated in some empty field of the card. By 

3c J 

— ' another calculation the verified result is added with the result to bo verified. 

3e~.i 

“jlf the addition comes out sero, the machine perforates the words "perfoi-atlon cor- 
"Irect" above the verified result. The verification of addition takes two no rm al 
ioporations. It is therefore carried out at a rate of 3000 operations per hour. 

Division is verified by multiplying the quotient by the divisor without per- 
forating and by comparing the product with the divident for correctness of the per- 
^f oration. 


Tabulator 

‘il4rthe’"Bolutlon of mathematical problems, the tabulator is usuaHjrused for"^* 


4i--. 

aC 

4il 

46- 


STAT. 
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yvrr-i 

^d, 


mm 


gill .glu| f th»loth=r. xl,aerihea.8aetLaa.„.The^nac^ X»d.A:otU.alo^>Ath- 

SgS lSd &^r' card at a rata of 6000 card# ijer hour. Every card ato pa for a aw^nt ^ 

' ' ‘‘r irtSr|5iri;r'c^^^ ^t ^^*^0 f«ler nce^ed' AccordfcE to the 

felt J#or«ation, -the ttacJjiJic sets the etroapondlr^ characters of the writing seg- 
«ent a^et the writing roU, and by touching the typing keyboard the felt i.nform 
'' _j tioh is printed on the paper roll by the writing ribbon. 

'“r -The tabulator Is also provided with a subtracting position and a subtraction 
‘''Z colusn for the purpose of entry. In a reversed noveaer.t of the gear of the writing 
"^Z sognent to the starting position, this sopiont eggages with the gear of the sub- 
tractor, and, depending on the sign, the present ar.i prir.ted value is either added 
^'Z; or subtracted. On the eignal "print the Interuiodiate result", the sepaent engaged 
with the subtracter is already aovlng forward (setting), and its end position is 
detenained by the content of the subtractor. Here the setting sejy-.ent cancels the 
''Z content of the subtracter. After the intenaediate has been printed, the segpent, 
in forward aoveaent, is in engagenent witk the gear of the nair, subtracter Instead 
J of with the gear of the nullified subtracter, so that the already-printed inter- 
J mediate result is added to it. On the sl^al "print the icain sum total", the 
writing segnent in its forward movement is in engagement with the gear of the 
totalling subtracter, which sets its conUnt into the terminal position of the 

''Zivritii^g oeeaent. After the grand total has been printed, this subtracter is can- 

42 ^ 

— ; celled* 


iSKf'-’. 

. --i' , * 


wmm ■ 
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CHAPTER 7 

example op SOLVDJG a technical mOBLEM BY MACHINES FOR THE PROCESSING 
OP PHIFCRATED CARDS 
PROBLEM AND GIVEN VALUES 


It 


7,1 Coordiruito Table for the Produc t ion of Comprgtfl.or Blados ^ 

Only in largo-scalo production of cooproasor bUdea ia the copying of a model 
on a coordinated milling machine eeoncalcal. For thia purpose it ia necessary to 
_ calculate the coordinates of a largo nuctoer of points of a curve ecpiidistant to the 
periphery of the profile section of the blades. The equidistant clearance from the 
periphery la obviously equal to the radiua of the vorking tool. The coordinate 
,,2 aysteo is first selected in such a way that the beginning falls in the "entrance 
,,/j; corner" of the profUe and the X-aiia passes through the "exit corner". Also the 
, depth of the profile c, which is equal to the distance of the exit comer from the 
,, 2 entrance corner, is at first selected equal to 1. It is only at the end of the 
322 ««lculatlon that the reduction of the coordinates to the required depth of the 

transformation of the coordinates to the given coordinate system 

3 £. arc carried out# 

3^2" Let «» discuss the problem of calculating for each of 33 profaes UO points 
V.“ equidistant to the top of the periphery and Uf) points equidistant to the bottom 
„2^f the periphery, i.e., a total of 7260 points. Parallel calculation of such a 
/.□madser of values can be carried out advantageously with the machine for processing 
perforated cards. Since the principal part of the work is done on the calculatljig 
4 ed perforator, which, during the processing of the values, perforates in the same card 

50-4' 

Sid • 


or in adjacent cards, a very-restricted Interpolation method is selscted. The re- 
quirement that the intorpoUtion curve must be "smooth and not "undulating in the 
5 ." of the greeielonjnakes. hs.j;qnmaate.,a method which is simple with .r.espe.ct 

to the emploTOent. ..of Jhg .ga.chlnes. and. at the same time, satisfies, the required 

^ I 115 . 
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0 ^ Q 

1} precisionv 

♦ ^ 7*2 B&ttos the Solution of tho Pr<^l_ep_ 

; r* For each profile K (N - 1, 2, .... 33) «• given the nimarical valuea »„ 

^ and py for calculating the center line [the coordinates of 17 points x„, d^* situated 

1 —1 syascetrical to the profile (n - 0, 1, ..., 16) for Jt,, - 0; 0.0125; 0.025; 0.05, 

> . 0.075; 0.1; 0.15; 0.2; 0.3; .... 0.8; 0.9; 0.95; 1.00 and for the depth of the 

’ profile c* - 1) Ubulation of the thlckneseos eycetrical to the profile t^ and the 
required thickness of the profile t^., the required thickness of the profile , 

> the radius of the tool r and the position of the profUe in the given coordinate 

.'CZ system coordinating the "entrance corner" (I<„ Yq' ‘ ’ includes 

rl.the Joining Une of the "entrance corner", and the "exit corner" with the I-axis. 

.’il' The center lino is composed of two paraboUc curves given by the equations 


y==-p(2pr~r>) 


(i< J- ^ip 


ip) ■ 2/u- -r^l /or • (7.2) 

(I--;.)- 

:•-! Calculated first are the ordinates of 17 points of the center line for the thick- 
•^fl'.ne.s of profile C - 1 at putting x - x„ in eq,.(7.1) and (7.2), where the value x„ 
agrees with the value of the abscissa of the syatetrical profile. In these 17 

of the center line, on the normal to the center lino, laid out in both 
•!-r'dlrection. is the distance d„ (n - 0.1. .... 16). which are the ordinates d» of the 
fundamental symetrlc profile of thickness t^, reduced to the required thickness t„, 

--so that dj^ " dgtjj/t^. 

-i By interpolation between the 17 points of each of the peripheries, always 
SoJjjyo points (x^, 7^) are obtained for - 0.005; O.Ol; 0.015; ...; 0.095; 0.01; 
sHo. 02; 0.98; 1.00; 0.02; ...; 0.98; 0.99; 1.00. Thus the first derivation 

^^^ffl^be-contlnaous and the second derivation must bo nonoscillating. Thexequired 




STAT 
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precision supposedly is 0*001 of the thickness of profile. 

./After, carrying out the reduction of the coordinates vdth respect to the re- 
quired thickness of profile c, the corresponding points of the equidistant curve 
laid out at a distance equal to the radius of the working tool on the normal to 
the interpolation curve are calculated for 110 points of the periphery. Fi n a l ly , 


1 



•4 r. - 



' the transformation of the coordinates to equidistance in the coordinate system is 
carried out. 


Solution 

‘ First, VC select a method suitable for the solution of the problem on the 
basis of our case, using the perforated-card processing machine. The individual 
operations are written on the instruction cards (see Fig.6.1). According to the 
instruction cards, we prepare a legible operation table with indications and ex- 
planations for serving the machine and indications for perforating the initial 
values^ indices, and constants# 
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7*3 Reparation for the Calculation of the Fundamental Values, the Center Lines 


Tor the* calculation ve start with' the equation of the parabola 




I and^wlth its first derivation 



y* <=• -f b . 


First we calculate the values corresponding to the abscissa Xj^(n • 0#1, 16) 

!/m * ^ *• (7 


and integrate the corresponding values according to the relation 
//• « 4- iO/i 4 J".) • 


The center line is composed of two parabolic curves (Fig. 7.1): the left curve 
for 0 < X < p, and the right curve for p < x < 1. By comparing eqs.(7.1) and (7.2) 
with eq.(7.3), we obtain for the coefficients of the left curve the values 


w , 2m 

; f, ; 


r, = O ; 


Valid (see Pig. 7.1) are additionally 


j-o =s 0 ; #/o m 0 ; b^ 


For the coefficients of the right curve we obtain the values 




, 2pm I (I — 2ti)m\ 

r"" n -pv r 


(1 -/>)*’ * (1-/0*’ \* ' n- 

•»‘o — X, ; i/o «= m .Vn ; //i . 


— . ... For each profile N we perforate one nain card with the values 2a,-^ and 

_ Piece's sary.JCor the calculation of the y^ of the. left curve, and the valuoo,. Ju 
ILCM.e-Fig 0 .# 6#6 and 6.7)#- Poirther we perforate for each profile another main. card Ho 
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sisa 
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V.1U,. 2a2. b 2 , y7- «a - yp ««i iy- - 0 which -a^c-nccc^ry for the calcu- i 
'rLtloa of the velue. of the right curve. ..At the.eame tine wo perforate into both . ; 
'll main' cards of each profile the value s^ - t^At neco.eary for calculating the fund- 
“:J amental points of the periphery. In this way, we prepare 33 main cards H, for 
' ~j 33 profiles for calculating the left curve and 33 «ain cards Hj for calculating the 
right curve, which we then file as a set of cards SI. Always 17 cards arc denoted 
' - with the sane index H corresponding to the number of the profile (N - 1.2, ..., 33), 

' , ' and are always placed together in a set. For each profUe 17 cards are perforated 

with the value x„ as well as the ordinate d* of the fundanental sycnietrical profile 
‘ : necessary for calculating the fundamental points of the periphery (n - 0.1,..., 16). 

Simultaneously we prepare a sot of cards S2, which is also composed of 33 » 17 per- 
■ -I forated cards. Perforated into these cards besides the number of the profile and 
1. the value x„ is the value - x^), in the cards with the value x„ is valid 
0 < x„ < P, consequently, x„ - 0, and in the cards with the value x„ with 
p £ < 1 VO h&vo “ P * 

The main card Hj, for the loft curve is placed before the first card of the 
' individual profile SI or S2. The main card Hj for the right curve is placed before 
"^’’ithat card of the corresponding card into which is perforated the mininun value x^ 

! at i p. The corresponding operating table 1 is shown in Fig. 7. 2. 

"77 Explanations to Table 1: Into the first column, with the heading "Kathematical 
^'’l!suteaent«, are entered the magnitudes perforated into the perforated cards before 
•- the beginning of the operation, and the mathematical expressions of the operations. 
-7 Into the second column, entitled "Set", the sets are entered which participate in 
' i the corresponding operations. H denotes a set of main cards (in our case 33 cards 

'7| H, for the left curve and 33 cards H 2 for. the right curve), SI set 1, S2 set 2, etc. 

5O-J ^ 

H In the third column, "Operation No.", is entered besides the serial number of the 

52'— 

^ — operation also tho letter D, which means that the value present on this line of the 
- first column is perforated into the perforated card of the corresponding set before 


STAT 
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“}■ Prcblcs; Calci^tiag tho isquidtatant Coot^atea 
J * of 33 Profilea 

Centior lino j 


llathoiaatical Statement 


aiX-r. -2ajr, 
6 f i'tJr. 'A 


— 1 
5C_| 

52-4 

54 

56~ll 


o.sy.yl, 

o.Si'i *- (O.r.yi- 

y,x'l='/. 

(0,5yi+0.r»y'„)(x,- a)+.’/» • lU 


Set Op. Operation Syt^l 
I ' Ho.l Oporatlona j<hore 


f 1 /> ] 

( 

1 

01 

i /> 1 

i 

02 

i 1 


03 

' i> 1 

1 

04 : 


1 

03 

;i ; !) 

1 

15 

1) 


10 

1 

. 1 

U i SI I 

1 

1 .. 

\fT' 2 

<01>X<13> 

1 n 

! i ’ 

K«I5>X''01,,) 

{/C IT 

’ i ^ 

^02 »- 'IT. 

I.H 

' ••I 

;o2> :i7 


6 i 


1 K IH 

_ ..«i 



r ’• 

4 

' <03'>X slfl/ 

10. 

s 

! K(-.17'X503^) 

‘ i< 10 

. J__»_ 

[/,r 


.V2 i 1) 

\ 

25 

n 

J 

i 

20 

10 

i .VI J .V2 

1 

' 

.Si 1 11 

n.5x<l»> 

20 

1 

A'('1H)X0..5» 

• K 20 

1 fin 

.VI t 

, 

; 

' //I.V2 



Table 1 
Page 1 

licaarJca 


H 1 ir. <04>f<20> ' 21 

• l« --<«4;.-<l4. ; 22' 

I 17 Kt<21).<22%) 

I Irt j <«K.>X» 23 

' 1(1 i K(1X^0.5» K'23 ^ 


21 ' ^.2I>X<20> 24 ■ 

22 /v«20>X<2l» K24 

■JTj <24> r',23> 27 

24 j — <24)- <23> j 2H 

23 K«27>. <2ii: ) K 27 


I 

2U j 

'"1 

IT] 


22 j 

1 

23 1 


24 


25 

( 
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'-''‘"J-.V-vAV.^-jj' r| 

^MSIS^ T 


qS^oginnlng of th, operation. «,« next tvo colueme/ entitied noporation Sjoiioi". 
I contain in tho Xlrat part the eptoolic exUrosaion of the correeponding operation. ' 
Ih ISl means: "place main card (of eat H) into eat 1»" H I maane: "taka out main 
' JcardsJ" SI I 32 means: "combine sat 1 vith sat 2 in such a vay that the nth carde 


4of sat 2 follow the nth cards of sat 1" SI 1 moans: "taka out sat II" <01> * <15> 


1 1 — , 


- 


7«aan8; "multiply content of field 01 (on main card) by content of field 15 (on next 
card)l" K<L5> ■‘<01> means: "verify the nultiplication with the exchanged factorsl" 
<02> +<17- means: "add tho content of field 02 to tho content of field 171" 

<02> -<17> moans: "add tho contents with the opposite eignst" K<ie>, <19> means: 


i0-_. 


"verify agreement of content of field 18 with content (having tho opposite sign) of 


_ rield 191" In the second part of the column, entitled "where", is entered the num- 
-ber of the field In which tho result of the operation is to be perforated. The sya- 
Ibol m moans that tho result is not perforated but that only "perforation correct" 
.--is perforated above field 17# 


Calculation of Fundamental Po ints of the Peripherj_ 

i.C In 17 points (x^. “■* *’'®'=*'*‘** 

-lals, the distance d^ - d*s is laid out, where d» is the ordinate of the symetrical 
iCprofile of tabulated thickness t^ and s - t/t^ The coordinates of the sjnsaetrical 
sCprofile xn and d{J are given in the Table with the given tabulated thickness of the 
.iflp-ofile H. The required thickness of the profile t^ is a particular datum for 
'•Ceach profile N. Figure 7.3b shows the syoiaetrical profile of reduced thickness t^. 

■! •-From Fig.7.3a it is known that 




.4 I;: > r-. - 


dr. 


(7.6) 


d.'/. 


also that 

sd , 


54. 


(dr,)’ r (6»/«)’ => 


(7.8) 


5644 


m eq.(7.8T v# take forrfx from eq.(7.7)6 x^ - - y^d y„. Thus we get 




121 
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C , >ihonc^ 




-f »/n r‘ • 


_.Wo put^ 


I r *Jn 


Using the Itoration oqxiAtion for calculating s - u ^ gives 




(7.10) 


■ ■ Tidiero the index B belongs to the result efter the nth iteretlon step. The nuaber 




Sod Fig.7.3 - a) Plotting of ordinates or sycmotrical profile reduced to center 
57^1 line; b) Syamotrical profile reduced to thickness tjj; c) Upper periphery; 
s/i , . .. . d) Lower periphery ■ . - - 
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f 'V.-’.ir Iti'-- ' ■■ I 


''-C'v"' ' *- 

S“-?,v >1 V'S'- ' \ 


dtoration «teps requIxoVror the' calo^tlon 1. ioteraincd to such e vey that 


<Zj^- ■■ ' 

‘ ll Khere e is selected according to the desired precision of the calculation. 


Tho coordinate » 


of tho points of tho upper periphery of the profile are given 


by the relatlona 


.V‘ .•*, 


-V.. Yt -0. - I" "•' •••• '“>• 


and tho 


coordinated of the points of the lower periphery of the profile by 
A-; X. dx.. Yt ^;u- <^U.- (« «•.»• • ••'«)• ( 


(7.12) 






cor.sequently, 


A'/. --■ • 


OI--0.1 I«i) 


(7.13) 


The operations corresponding to Pages 1, 2, 3 of Table 2 are presented to 

- Figs.V./j, 7.5, 7.6. 

" t. T.bl. 2 = Ih. delation ot 1 “1“ 

26 to 33. Ih. vorlllootion of tho flood I»-.o 1. frrlod oot by fl«- 

'‘“nottao 1 » by t” dtrtofob >»“«•■ "»■ “• 

-5-^ _ ^ ^ 

^ o. “ > + wi X yl) ; w, « (I + .'O X (1 + y',) — -!/'» • 

< •■ ' I„ th, ooloblotl», of (1 o ry - u-‘ - 0 V bofo “ fixot oppr«d«.tl.n 
- 1. IforlliW thi. Ibt. «,.(7.10), tbo lH-ob •‘•b 

•i 6 — I “ 1 .5 — O.Sm, ( ”• *<»• J 

":3;u,.pay oftT frryib, »t tb. ..o<md Itf.tion of, " bbtota 1» <o.t o». (>*«• 
“P,. o 0.2) . r,«at ...«r.t, M 5 d.ol-lo. ■"» ‘bW •“!> 6* “"b** ““ 

’ . c.»l.rl«8 reoblt. Th. to»th UofUon rtop 1. pl«nod tor th. ...ot that _ 

54^.-, — — - — " ...» _ - ^ ta~5 >rhAm ffitirth 


- the machine makes an error to calculation and that - 2=11 ” 3° * 

56 - ~ - . 
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^ □ Probloa: Calculation or Equidiotant Coordinates 

of 33 Profiloa 1 ^ ^ 

* 2. Calculation of Fundanantal Points of Poripnsry 


Table 2 
. Pa^o 1 


Kathccaticol Stateaont 

(-_( .: .1 .«:• 

1 rf* ;/^* 

<1 y’l- <1 ,%' •' •'«'' 

' 2': 


I . o,.'i • i#„ o,r»M, 


l,;i V.aii^ 

i'H 

o.:»n. • 

u.r»M^ . 

i».;iii^ . I-, 

»:. 

i.r» 

.^i ('.s 

ti.ri 

• t'»i^ I** 

O.rm^ ' 


li.rMi, •. I *’**'»»^ 


(I/. ^ ‘ 

0. ri/f^ • '•••'*'^, * 'i''* 

1. :» ' 3*i,» 

(li»i ' 3-« !•« 


sit Op. .Operation- ^7C^1 ,Rciaar)(e- 

\ Ho. Operations I where 


ill 1 1** 


1 1 

e: • 

l^ . 

I-* 

•N n 

11 

i:t 



11 

it 


.r. 

ni) >1 . 

•n 1*1 

1 i 

*i*» 

■'t ** 1 1 ** 


11 


:u Ai 

:tl 

A HI 

:u M * 


U 

:vz 

n« Af :ti 

n.Ai 

A* H2 

.t: 1% 

:i:! 

HH I 

:is Ti • 

:ri 

HI 

at» HI ' 

:i:i 

:tti 

|o L’» 


HT 

41 :i: • 

:i:i 

HS 

V* :i2 • 

HK 

H'l I 

/> , 


4.% 

4:1 . n:i . M 


u :ii ' 

1 

4l» 

i:» AM- 

:y* ) 

A’ 40 

ir» , :‘.'i 

1 

41 

IT . A*tl • 

:iN j 

A* 41 

4> HH 

. :|N 

l *i . 

11* ' 

.*»«» 1 .*» 

IJ 

ri 

M 1 { 

M 

11 

i«» 

It 

l‘l 

r,:i u*. 

i t 

IT 

HI l.H 

IT 

IS 

riH 1 

n 

■l‘H 


I . inruitn nwy j 

.' It sltp , 




:,(( ! A( II . 4'.l,) l< 4'.' 


Pi^ 7 *-(i-^.,J 0 p®rationJIable. ^precalculating Fundamental. Points, of.. poripberFiP-^l 1 

i I 
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or 




- r| 




filXSrV* 




Ft<^loa: CAloulation of CoordinaUii of 33 i^ofiloo 
2* Cailculatioa ef Fiiadyjser.t&l Points of 
Poriphory 

I — ~ 1 ! OpirAiion Symbo l * 

’| mthcnairul iUtimtnt Sit jO^«A; jwlKrt 1 


3/«xt 

: duXl-d, 

* _ 

1 ‘^•^1 

i 

i ■ 

s 

i 

! 

I. 4:|,Xl=“«s« 





Sit j< 


Op#r>tian 

when j 

.• L 

8M..4. •- . 


i.m *. M-r » m -W’ 


I 

aV5 

1 


03 1 

! 


.77 1 

S2 i, .S‘.7 



52 

SH 

16 

-.1 

’V' i 

X 

~ 'oo';' 



50 

/v(lX<27» 

K-OOL 



60 

5*2 t 

i 



61 

51 i aVa 

4 j 

_. . 



— — 



I-''** 

62 

<I0>X 1 

r»l I 


1 

63 

K(1X<I0» 

* /C 51 , 


t 

- — 

— —— 





64 

^40>X<^8> 

52 1 


i 1 

4 { 

1 65 1 

1 i 

A'«19>X<10» 

K 52 


! i 

U 1 

■.VI t" 

1 


1 

1 

111 

.V4 1 S5 

i 


j j54 

1 68 

<49>X 1 

i 53 j 


1 ! 

1 i 

! 69 

K(IX<40» 

. K .73 


i 1 

1 

i„J. 


i ■ 

i 71 

<31>X<53> 

i 51 


! 

I 

j 72 

K«03>X<01» 

; K 54 


{ 

i 

; 73 

1 <02>X -CS3> 

I *56 


5 

' 74 

1 Ki -<.73>X<52'. 

); K 50 


Table 2 
Page 2 

RcmarKs i 


ij ari.+<^.^-^*i 


X,— Ar,«-- A'jJ 


jy.+'»y.->*i 

% 

1 y. -^y.'^>'J 


, .Sll /> i ' '*■• . 

; ' 7.'. j Hi i .s« t 

1 1.V.7] 7(1 ' ifl5> t<*'0> ®* 

, j 1 77 ■; -::..v -<r.«/ •« , 

I I ! 79 j K'Krtl/. <02>i ; K «1 . 

i i 70 j <.'»5,. ‘'.'in> 'lO ^ 

' so ! ■<.75> (•<'.70/ 07 

SI K«0(r/. <'07. ) K (10 

82 I <•'>(»> + v't4',. 0:t ! 

' 83 ! -•r.*»0> <•'•< •“ 

• .S» I /\('03>. < 01, ) /C 03 

• . S.', j <.7()> -,.74,. OS 

, ■ .SO- --<00> i <.74/ 00 

i ' 87 /c«os>. <o'.);;) . i< 08 


_Fi.g»7.5 “ Operation Table Xor Calculating FOndaoental Points of Periphery, Page 2 
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^ ITitorition itep visually furniehee tha accurate value* 


*11 Ihe syxabol S6 1 S + 7 mzus that sot 6 is coobinod vlth set (+ 7), i.o., vith 


rUet 7 for the upper, (♦) periphery, in such a way that the nth cav'd of set 6 follows 


Jthe (n - l)th card of set (+ 1). 


The sysbol 77’ in the column ”where” means field Ko.77 on the next card of the 


same sei* 


The symbol T in the column "remarks” means: "print the result with the tabula- 


tor" 


7*5 Interpolation Method 

In the fommlation of the interpolation, method, the following was taken into 
consideration: a) The largo number of interpolated values (7260 investigated points), 
-b) The time required for carrying out the interpolation, c) The required precision 
'.’i . of 0*001 of the thickness of the profile c, d) The requirement that the interpola- 
::_>ion curve must have a continuous first derivation, e) The requirement of a "nonun- 
v; dulating" interpolation curve. * 

‘ _ With the forzEulated method, most of the operations are carried out for the 
. preparatory calculation of the interpolation coefficients on 17 cards for each 
3-rperiphery, and hence a total of 66 17 - 1122 cards for one set. The actual in- 

j - terpolation on 66 < 110 « 7260 cards contains a minimal number of operations. In 
1v__;thi6 way not only a saving of cards, but especially a considerable saving in time 
‘ is obtained. 

The basis of the method is the interpolation of a parabolic curve. What is 
' --.here essentially concerned is linear interpolation of a. "derivation line". The 

i ^ 

--'Interpolation parabolic curve is calculated by integration of the ’’derivation line”., 
ii'-J m~th the 17 points of the poriphary (!„, (sse Pig.7.7a), we calculate 


52"!their 16 first proportioral differences 
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M:r • 


V - ' 7 ■ 'f 
;^• 

h . ' “-i- ' ' ' 

f/-'‘ , ■' ' ■• . 

'-r* 




^Jwhlch VO assign to tho abscissa i *'• “ •••> («ec 

‘Fig*7*7b). fVom thoso 16 first proportional dlfforonces w« calculated 15 second 


proportional differences 


^ n-l,*i»l 


yt y, 

-*^*•,11+ r * "* 


vhich we assign to the abscissas J ^ (see Plg.7.7c), 

Ftor these second proportional differences wo form the differences froos which 

. we select the niiniroal differences. In Pig. 7. 7c the miniiaal difference is Y" -Y” . 
5. 3.5 2.4 

We join these points of ainlEial difference and we follow a continuous line in both 

- directions in the **8econd derivation” (Pig.7*7c). This line cooiprisos the abscissas 
which pass through the points of the second proportional differences 

*^l,n+l^ denoted by smll circles. 

With the Individual abscissas we obUin by integration In the ”first derivation” 
the parabolic curve (dashed curve in Fig. 7.7b), which we join together in the 
points ^n,n+l^^ have in these points a coosnon tangent. However, this 

— parabolic curve, the ”1®^ derivation", is not used for further calculation. Instead, 
--.we use the above->fflentioned cossr.on tangent, which intersects in the points of the 

^ abscissas ^Xs segment oX the tangent forms a continuous line. Then by 

---integration we obtain the interpolation parabolic curve joined together in the 

-.-.points (3L, Y^) (Fig. 7.7a). 

^ j ** n 

^ — In Pig. 7*7# for the sake of legibility, tho points are denoted by their ordin* 

-~ates. The points belonging to the tangent are therefore denoted by their index. 

5 0—,' 



5 -t precis e .palculat ion of the value is not presented, because it is tmessen-' 

case and would make the exjtlanatlon too complicated. 

STAT 
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-Ttlio pointn denoted by small circles are elvon as the result of the preceedlng opera 

I 

„i.tion (r„),-or are calculated as the first or the .second proportional difference. 



r,*Y*AY. 






Ya»V**Y«.a*V 

V . 'i‘ * «l 




W; fi 

I"' 


Pig.7>7 - a) Interpolation Curve, b) Its First Derivation, c) Its 


Second Derivation 
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)" , lyS-' (« I ' 

* I # 




(II =• l. i 


Tb. polbt. ib n 5 . 7.70 b, bT.— clbbUtrf br .Urtl.^ 

-.Ibb bb, 7 ».t dirrbr.b.. 75.5 - 7 ",.,. Th. poibt 75 ., 4 .bbb.d b, .,Ud ,,««•» i. 

given by the exproesion 

Tb. polbt. t. tb. Lft. of tbl. polbt »br. clcblbUd lb .bcc.lob .«"r41.s 


to th« relations 


„ ov' .. V** 

) . Jil 2,1 — I 3,4 . 

YU - 21':., - YU ■ 

1’;. - 2C*. - • 


the points to the ri«ht according to the relatione 

: y;, .= 21';, - I'm 

v;. - 2^:.. - YU 


r- ' 'tb. dbbhbd lib. lb Fls.7.7. 1. IH. 7-‘ d.dlv.tl» .7 tb. p«t.b.71. .7.. 

■ ■:d.bOt.d by . d«h»l 11b. lb ri6.7.7b. Tb. ..lid .b..l.... 1. Fl6.7.7b .b. tb. 1* 
.■■ltel«tldn. of tb. tu.S.bt to tb. porrtoUc c»TV. of rls.7.7b. Tbl. t.»8.bt 1. 
l=rU. . .olid l-'bo, Obd 1. tb. l-i d.rlv.tl.n or tb. p«.b.Uc oorv., .b<»n .. o 
‘‘lU—aolW lino in Fig.7«7a* 

— ^ _ vtt ' ^v T 1 and Pic»7»7b ohovfs that 

Figure 7.7c shows that the area 6TI ^,2^^ "* ^*2' 

5>-;tb. a-Ti - Wl - n> - V' ^ 
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l®:i 


1: 

m 


1 '•»/,> -i, 


mm. 


^»v^r j»*'T;i*r. i. I 

‘ .‘i* *-'< * 

y,-s^o - 


fCT- 




if^'- 


E» 







i."'' 


rv*^ \ ' N4»*’ i ^ 



V-J - 

2-4 

■f 


r; « r;., - .ir; « r;., + r,>\\ - a',.,) 
y[ « J';.. + >'r.i(A. - a,.,) 

}•; (- r; « arj., + r-y.Y, + a'<- 2A,.,) 


» . 


.•»nd sines ^ 2 ” 

r; -u r; = -r;.. - ryx, - aj . 

"•The intsrpolatsd vslus for i S *2 thsrefors given by the relation 

Y, r, AY, = r, + 112 }’;.. - }';..(A, - a,)] . (.y, - a,) . ( 7 .u) 



The operations corresponding to pages 1, 2, 3 of Table 3 w« presented in 
Figs.T.S, 7.9, 7.10. 


5i_. 


Sxplanutiong to Operation Table 3 

By transferring the value from card n to the next card n + 1 (opera- 
tion 118), we get the value !•«•» 

of operation 142 is perforated simultaneously into fields 96 and 97 (this value 
corresponds to the point represented by a solid square in Fig.7.7c. The value in 
field 96 is used for carrying out the polygonal segment in the 2"<^ derivation 
(dashed lines in Pig.7.7c) and the value in field 97 serves for verifying the cal- 
culation of the coapleaentary nuaber. The synsbol S9n means; "Hake up a set con- 
sisting only of the cards containing the minimus value of 241" from each of the 
peripheries". The syriool <90> - <96*> means: "fJ-om the content of field 90 sub- 
tract the content of field 96 of the preceding (») card of the same setl" The 
syndjol SIO makes reference to the sot of main cards (.). This means that, before 
beginning operation 179, the perforator must perforate into the cards of set 10, 

I which have so far been processed as ordinary cards, the perforation of the main 
cards. This is the reason for entering on the last line of Table 3, Page 2 the 


symbol D ... H, which means; "after carrying out operation Ho.178, perforate the 



.131 


T- 
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□PMbiw/ciaculatlon of EquidiaUnt Coordtaatoo of 33 ^ofUo* 


3. Interpolation 


Table 3 
Pago 1 


L 0^4f<Vn SfmM , 

Oftf4t*on ' 

^ ii? » -i 

^Iir<73>Xl * 

114 K(IX<73» 

uT <r^xt 

110 K<1X<TU/) 

i 5 ml.vTt 


fiimMrkt 


! v;:,. 

\ __ 

• A.Y,-, 




I A.V, 


1 

? 

i 

I X4»'2P'.| „.i 


IllH <«0>Xl ^ 

j 110 I K{1X<80>1 Kl«' 

‘ T2o|<ki>xi ^'i 

‘ j I2ll KtlX .»!>) A‘83% 

122 <80 ‘ <83> ^ > 

123. <80>*i^'82 85 

12* j K(;«4>. ^85» ^ **^1 

I 120;-— <81/ K83^ 87 j 

127 j K«80>. <87 >) | 

123 I <84> ; <80'’ ^ ' 

12 o! KK88>X ^8fl>2 \f<^ 

tTo 730 1 «Y3 J L - 

! f.Vsl 131 j ’'8S/X4 00 

1 1 I /oo » . fc' ftO 


82' 1 

.. *9tr4t*9n 

A 8— wi’IHcArd 0M 

mat «*r4 4| 

H3*« UM« 


-ay*,.., 2v:. 


2j 

4r*.,,,xo,25=y;_,., 


I I 132 I Kt4X i_ 

I iTssU^ t^, ‘ : - . 

134 1 <00>X I ®''lj5IiTuf“'tr , 

135|K(IX<00>| i K nrl[m M ..f 

liT <90>-“<tH> ' »2j 

137 — (0<><4 <0I> ®2l . (j-'.min. 

138 , A'«62^ <93» ''22l _ 

7«,7l3r"^>r<91> : «•! .„„ 

140 -<90>-'.»l) = .»•' 

141 K«0*>. <05» 

142 <94>X0,23 1 OO^O? j - *'!»*.* * 

143 K(0,23X<0*» \ k 9 <^ 0 i \ 


0* i 

j Cp«r*t*on ofitf 

{•nc4r«(l 


• :j, * sot 9 is ^Vidod 

^ LJlnsid i;*a«.coS^ 

'■’dcarWth tho cords containing the value sr. loft in asco^g order. 

14 -‘operations 139-U3 are carried out only on tho cards cenUining ( ). 


Fig. 7-8 - Operation Table for Interpolation, Pago 1 
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J Problem: Calculation of Equidistant Coordinates of 'll Pr^llofl 
-t 3* Interpolation 
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152 

A:{v9(] . /07>) 

A 90*^ 
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O.fiA.V. 
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•N’lo^l 154 j .Vio : 

.VO j 155 IX<«0> tool 

. 'U* KKB0>Xl) .KlOOl 

_| 15* ”.S« i • [~ 

I 158 .V8 I .Vio : j 

|.Vh| 169 1 0.5X<8I> , 191 
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,181 1X<80> ! 102 

18* A'«80 >X I) ;A102 
_ 163 .VSf 
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i 168 ! <102> -<103> ; 104 

! 167 -<I02> + <103> i 106 
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169 1 .V7|ai0 

SI 170 lx<77> ! 105 ~ 

171 A«77>Xl) jAlOS 
l-i 1X<76> ■[ 107 

173 A«76>X1) _ ‘ A107 

’ 174 1X<78> i 108 ~ 

17 5 A«78>xl) i A108 

! iTe sjf ~ 

177 lx<105> • 109 ~ 

178 A«105>Xl) lAlOO 


Fig,7.9 - pperfttion Table Tor Interpolation, Page 2 
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Problom: Calculntion of Equidistant Coor^Atos of 33 Profiles 
3» Tntor|?ol«tlon 
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1 A*I24 
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;2io 
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Fig»7»10 - Operation Table for Interpolation, Pago 3 
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^C ]porf oration of tho main card« into the ctrda of oot 101” 

2 J . 

4 ~ 7.6 Final Calculation 

6*' - The calculated interpolation point (%, tj) plotted ngalnat the value c„/c» ia 
^ I * perforated into K aaln cards* The next 

^ i step ia tho reduction Of tho peripheral 

' Y. • jr '" ^ coordinates of tho profile having the 

^ depth r* - 1 to the required depth 

X^, X. ^ X,.,., X The plotting of the equidistant curve in 

* •" A*,1,**» 

\a the distance of the radius r of the Worle- 
ys • ing tool is carried out in the sane way 

, ■ y, plotting of the profile on the 

\ center line. The transformation of the 

I __ L_ ^ equidistant coordinates to the given 

TT-j ' coordinate system occurs with the help of 

pi 

f^Y.k the main cards, into which have already 

C. N i; 

been perforated the values X^, sin * , 

Xl^ 

iX. cos Y* . (K is the number of profiles; 

. i X^, are the coordinates of the entrance 

Fig. 7.11 - Interpolation Line and its 

^ ^ corner of tho profile in the selected 

1®^ and 2^^ Derivations about the j ^ 

4 ,-,^ coordinate system, and y is the angle 

, r? between tho joining line of the entrance 


X..|^. X...^. 


Fig. 7.11 - Interpolation Line and its 
1®^ and 2”*^ Derivations about the 
Point (Xj,,T^) 


- " corner and the exit corner of the profile and the X axis of the selected coordinate 
— system) • 






J EiTor of the Baployed Interpola tion Method 

^ The errors occurring with this interpolation method are qf two kinds. The one 
■■ kind is' due. to the fact .that tho abscissas are not equidistant, whieJ| ip due to 
J tho fact that ^ Xj^. Figure 7*11 shows a segment of the interpolation 
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lin«’-'«bottt th* point and its first aiid sncond derivations. .The two inter- 

__p61atlon.curvoa„dojiot hava a cocanon tanjpjt la the point X^^). . The_ directions 
Z of the two tangents differ by 6 XU The tangent of the p.'olonged left parabolic 
_i curve in the point of the abscissa is parailel with the tangent of the 

* right- curvtj in tho aaae abicisw.# The absolute value of the difference between the 

J 

-I ordinates of the two points is denoted and we regard this error as due to the 

■ fact that Xn / Xj^l,b+1* 

The Figure shows that 

r;.,. !d)-., . 


and that 


<)}*. - a;.)}-; . .(V.Y.i . 


With regard to the indexing of the coordinates and the difference 
dX V - V - 

► -* n |,i, . I '.X * - - ' 

4 

we get the sajne values as listed in the Table of Figs7*12s 

Figure 7*12 gives the fundamental values of the center line and the upper 
~ periphery of the profile K - 1. The columns 1 and 10 contain the indices of the 

- 

• fundamental points, columns 2 and h the coordinates of the center line, and col- 

1 r» • 

- - umns 5 and 7 the coordinates Of the upper perij^ery. Colucm 8 contains the first 

proportional differences, coliunn 9 the two-fold second proportional differences, 

'-^1 and column 11 tho calculated ‘^second derivation” of the interpolation curve in 

the Interval (X^^, ^n+1^* Column 12 contains tho differences - ^,n+l ~ 

^ - yw ) column 13 tho second differences (A^ - AX - AX ,), column 14 

the ^ues (6X )^ • 10^ - ^^^^-1^^ * column 15 the corresponding 

SiJ'— „ . 

errors 

?4- ii ...ar iiv .. IQ I. ■ h I . o. ^ ^ - — 

The greatest errors occur where the intervals between abscissas of the center 
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q[15;r^7dov\?i«d; i.«., iit’^lnts‘2, 5, «nd ?, or halYod, 1.0., in point X4. Al»o 
I .In-point 1 ocoura-a conaldorablo orron dtio to tho lact that la largo. Ilev- 
“ ovor, tho ‘error does not reach oven lAO of tho pormlaaiblo. (The maximal penala- 
-4 Bible error In this probloa io 1-3 declwila). 


k 0.012 51 h/ 
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Pig.7.12 - Values for Center Line and Upper Periphorr of the Profile N- 1 . 

Values for Estlwating the Errwr 

a) Center line; b) Upper periphery 
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f*s£ ^ 

1 ^4> V^ 

^ « r 

£\ 'KJ^ ^ 

j ^ V " 

t 

^ -V A 

T^v V- 1 

"V jf 

j - 1 ^ 


‘ "iSii stTcond aourctt of error in the oirouiastance is that Y” oscillates moder- 

tt I 

“Hotels- (see, .Cor..ea=ple, ris.7.12, tolvssvf U ssi XZ). Jr. this case the absolute 
J value of the error may be dotenained by estlraation* The formula for the interpola- 
tion of the ordinate according to oq.(?7*lA) is 

I r.- r- ^ x,)i.(-v, xj, (7,15) 


^ # -^n r t • 

The ordinates of th? pointn and the directions of the Joining lines be- 
tveon adjacent points in advance (n - 0, 1, 16). The 

absolute error due to the oscillation of V' is denoted by 6 »Y^. If T^.n+l 
from the correct value by 6YJ[^yj+2.> Iben it follows frca eq.(7*15) that 

.y}\ - -V,) . (A\ -- A'ji , 

Putting « Xj, AXn and n Tor o < n < 1 gives 

yy , - m) . m . ma'j= . 

In the interval (X , X it is obvious that 6 is the naxinum 
n' n+x 1 


for m “ J. Therefore 




Assuming that the correct value of T” lies somewhere between the calculated 

- values of and the adjacent value, e.g., or ^ 

have 6Y” , < AT” or 6T” < AT** Proa this it follows that 

^ n,n+l n-n,n n,n+x n,n-x 

5- ^ < iusx„y Mnx i\AYl^^j i .4 . 

s-.:i 

"*1 Tabulated in Fig. 7*12 are: in column 16 for individual points the correspond- 

• 0/ - - - 

ing values of (AXj"^'^*, in column 17 the larger of the two values 1 AT” 1 
5£» Jl ^ V n-x,n 
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4 - and aftS *coluinn 18 the .valuoa of A on the right aid© of th© incquali-v 

.‘;n,n+l | ‘ . * 

Z j^ip9» than th© jaaxWl jpormisaibl© ©rror O.OOlo (c * !)• Th© 

** laain cause of the oacillating of the second derivation of the profile periphery is 
'"wj the circumstance that the symmetrical profile (vhich is plotted on the center Idjie), 
' on the basis of the tabulated data^ already has oscillation of the second deriva- 
tion of the second periphery in the interval of the required precision. 

* The entire calculation is carried out on the full number of places (7 digits), 

because the operational speed of the machine is independent of the number of places 
of the processed numbers, and to prevent any influence of the error due to the 
' accumulation of rounded errors on the result for the required number of places. 
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I wi^‘ 

m 


"■" ■' 


^’'' ■< ””'4l 

^ * /-*, 


^j^<MmxMjmmnQa.MQ\im^4^ s.cie!>(;k, : 

SXMP03IUM I. •; 

Kath^Biatical kachiri## 


Tho flrat part of tho Sy«po»lom conUtoo restat. of tho ro.oarch in nvaerlcal 


j: . 


:'' caleuUtlon »sthod. .ulUble for .option of problona on tho Cwchoolovak automatic 


computei'- SATO. Coding and a ayabolioa auitablo to foraulato in.tructlono for tho 
itr nachino arc explained. 

In this part of tho Symposiun a mothod io described how to fora detailed in- 
structione (the progrannine) for tho nachine in accordance with a given problem. 

•; ” The use of the oothod is illustrated by several exiaplos. 

: r Chapter I. describes tho general character of a modern automatic ccnputer. 

Classical methods of nuaorica calculus are conpared with methods suitable for an 

automatic ccmputer. The possibility of aathon^tical experiments is pointed out. 

:.r Basic concepts of automatic computing, including terns as instruction, ad- 

rl'. dress, operation, word, flow sign, are described, and tho concept of the instruc- 
: I; tion not as well. Tho suitability of synbolina introduced to simplify the dovelop- 
:<3 nent of instruction nets is illustrated by a simple example. 

3 JI. A, simplified diagram of the Czechoslovak automatic computer is included, with 

-iv-j a description of its principal parts. 

•' d Chapter 2. In the first part of this Chapter tho coding of data for tho 

Czechoslovak automatic ccmputer is described first from a general point of view. 
•C. A doteiled study of tho coding follows, demonstrating the possibility to 

express nwji'Si-s given either in binary or in decimal form. Tho numerical capacity 
of th© machine is indicated. 


The part which follows deals with instruction coding, i.e., with tho. transla- 
Lticir-of -orders into proper symbols. - A cinpleto Ust of the operational-code- is - 


56 


n 


J!4P.- 


i-... 


U"1 
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operation -"jlnfcoi-., jth-i- l»pcrunc. and ~tual 

H aiacuaaad... -Operation, or a «ore co»puJted character are Ulnatratcd b. ^ 
- . . a >_ iiVimild serve as a guide for th 


uasea*-. .uporauxu*« - 

A 11.1 .1 b..l. op.r.U». «.l=h 1. .tUd..A .h»aa .. . S.1** «“■ 


1 preparation of instruction nets. 

-1 Oipt.. 1. Z 

■i . .^i..! '""• rrr 

Chapter K. presents an eciaple of doslgninc the instruction ne. or y 

^'■■- t.r»ih . »— •"’ ™ “7" 

•' ..1 1..„1... P»t .r .-p.uu«. ”' “■ ■■'■ ' 

•■ - fined the coapuUtion to paraxial rays as the tracing of shew rays vas 

ons even vlth a UbXe calculator. An instruction net for the c«cputation of 
- rays ha. been desired. «ost of the rays beine sKev to the optical axis. 

First the gecaetrical analysis of the probles. is carried out and th. vay 
described ho. to choose the starting points of rays and directions ^ 

^ :: the point Of entry in the optical system. Renar.s about scee restraining pbys ^ 
conditions are included together with explanations how to nx>dify the usual n^er 
cal calcuUting procedure to =ako it suiUble for the aut«»tic c«npu-er. 


JJ by a flow diagram. 

*-i ■ • 5 1 . 1 — •' ■>' ! ■ 

1 Arwm-rttMnff machinOo 


automaiixc r— 

w 1. ...A pi^ip. “tr.:- 

^ . - . . .1 0<rd«r that th< 


le uaea wnon 

'A^'^Tmustration a very sis^lo exaxsple has been chosen in order that e 









would not be hidden by the complexity 6t. the problem. To 
,^a^V 0 .JLt».iiovaver^-.a.jaore conplicate(L&eth(^.ia. uaed .on purpose^ one that, can be 
appliM even to a very complex ayetems pt differential equations. 

„Tho solution of the equation ! 


//' P,M-rnt) 


is worked out by the Rungo-Kutta method (P^Cx) is a polynom of third degree and 
F(t)''is a rational function), the initial condition being x - x^, 


for t.« t^. Such a method has been chosen because it is homogeneous (an example 


of a nonhooogoneous method is for instance, the Adans method, which requires quite 
a different kind of computation at the beginning than at the later stages of the 
process) and because the number of intermediate results is comparatively small; 

* both these facts allow to get the solution of comparatively complex problems with 
a low storage requirement. Thanks to these circumstances the method can be consid- 
ered as well-suited for an automatic computer. 

Instruction nets for quite complex systems of differential equations can be 
' prepared by a generalisation of the procedure. The time needed to accomplish 
- 1 50 Runge-Kutta steps is estimated for the problem under consideration. 

- The second part of the Symposium deals with the use of Czechoslovak punched 
card machines for numerical solutions of mathematical problems. 

XJhapter 6. The first paragraphs describe punched cards with the syiabolism 
- used- to e^qjrosa instructions for the working procedure and eaqalain manipulations . 
Vifith punched cards and operations with numbers that occur most frequently. In 




the remaining paragraphs some punched card machines are briefly described; the 


^ -‘-j punch, the sorting machine, the tabulator, and the calculating punch which adds. 


subtracts, multiplies and divides with respect to signs. 

Chapter 7. A practical engineering 'problem has been solved with punched card 
machinery. Coordinates of points outlining 33 cross sections of turbocompressor 
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pV’ tblido# ^va.bean^coaimt'ed of pointa ^balon^in^ - 

':} 4^Qquidiatant^ol:tho0e.jcroaa aootiona-. to-£acilitate,»tho^auinufacturo of^blad 6 s..oiua. 

V.. milling maehino. 

^ fix thio Chapter only a part of the ifeolo, problem i» preeontod copecially a 

. ^ jsuitable interpolation isathod giving the Tequlred accxiracy* Operation tables are 
- ^ given ejqpreeaing inatructione for the procedure. 

In the laat paragraph aocw estiiaatoa of orrora in computation are diacuased. 


4l?§fs< 


H 

1K.<Y 

V'- 

'ii. 

Iv- 
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4.5 Selection of Direction 


4*6 Impenaissible Angle of Ray with Optical Axis 


4.7 Orientation of a liormaJL Vector 


4.8 Imaginary Intersection 
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4.11 Total Reflex 


4.12 Distinguishing between Spherical and Plane 
Boundaries 


4.13 Distinguishing between Convex and Concave 
Boundaries 


4rl4 Distinguishing between Focal Plano and Boundary 

4.15 Characterization of Boundary Constants 
Description of Construction of Instructional Network 
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6*5 Calculating Perforator 
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m 

j 


P 

R 


tal Kark 

Operational Syisbol 

N 

<•> + 0>->' <^> 

iV 

(«> . <i> <M> 

0 

<i> : <;•>-><*> . 



7*j 

T2<j>^y<ky • 

.1/ 

-<»•> 

/ 

KOI 

J 

KOI 

K 

1 

a 

(?•••« 

( 

li\ ... 

"1 

m... 

sr 

<0±<0-^ <M> 

ST 

<i> <k'> 

DT 

<0jl<O-»- <*> 

sx 

Exp <0 + <0 -*■ (.k) 

ir.v 

Exp <0- -»■ iky 

.sy% 

Sgn<0-^ <ky 

wry. 

<0-Sgu<0-<*> 

SXY 

^!<0 4-<0-> <ky 

xz 

Ii\<S> + <i>-*- <ky 

sv 

C!<O4-<0-^<*> 

.sirxy 

Awjy + <o-> K*> 

xirz 

/«<0 + <0->- K*> 

siry 

C!<0 + <0-^Kfc> 

nxy 

<i> = *4t<0-> !<*•> 

117; 

<•>.== Kfc> 

ID' 

</> = C!<0 -> Kk> 

(empty) 

STOP 




2,5 j:^G 5 oepal .Sw!y5!7. of Fundanwntal Operations 
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